1970 NASA/GSFC Battery Workshop by unknown
, . 
A Reproduced Copy 
OF 
Reproduced for NASA 
by the 
NASA Scient"fic and Technical Information Facility 
FFNo 672 Aug 6;; 
https://ntrs.nasa.gov/search.jsp?R=19710019183 2020-03-23T15:31:06+00:00Z
· ' 
T c i f 
( . 
{ 
' .. 'l' 
ACE - FEDEllA r. H· PORTEH , I ~C. 
Officia l Reporters 
415 e ond Street , N.E . 
Wo sh in ton, D. C. 20002 





--- ---- -- -- 1 










































s NATIONAL AERONAUTICS AND SPACE ADMINISTRXI"I'CN 
Goddard Space Fl ight  Center 
1970 NASA/GSFC BATTERY WORKSHOP 
Goddard Space Plight Center 
Auditorium, Building 3 
Greenbelt, Maryland 
Monday, 16 November .L970 
Session 1 
Session 2 
Materials Processing and 
Chemical Analysis 
Chairman: G. Halpert 
Cell Processing and Testing 
Chairman: F. Ford 
A'.?E:SDh;L'CE LIST - GOVEhimT 
CIlarles P a l a r i d i t i ,  Code 761 
John Eager, Code 761 
Arxo? F i s h e r ,  Code 764 
Etl r;olston, Code 761 
G ~ : r a ? d  l i a i p e r t ,  Code 764 
Willia,n Wcbster , Coclc 761 
T;)L? ;;ennigaii, Code 761 
J f . m e  3 Stemile ,  Code 761 
E ~ , g e ~ i e  S t ~ o u p ,  Code 76) 
F l .oy~l  Ford ,  Code 761 
Chucl~ MacKenzie, Code 761 
Davit3 Baer, Code 761 
J4"nn P a k ,  Code 7 6 4  
Ji K. Sherfey, Code 764 
Ctr,ar:tes Sta i lga i t i s ,  Colle 764 
E! X,, Cohn 
N4.SA fIq. - Code RI\Y 
Wz,sh:ington, D.C. 20546 - 
W. J ,  Nagle - MS 309-1 
HA.SA Lewis Research Cntr 





Crmt!,  Indiana 47421 
Davicl P icket t  
AF Acxo  ? r o ? u l s i o n  Labs, (POE-1) 
IrJrigk:t P a t t e r s o n  AFB, Ohio 45433 
J. C .  White 
Xaval ilesearch Labs.  
Code 6160 
Washington, D.C. 20390 
R. J. Bowen 
H. Ui'bach 
C o i e  A731 
Naval  Ships %G Labs. 
Ar,na?ci; is ,  Xd. 
J .  D. F i n a r e l l  
U.S. A r m y  . . 
2280 Pin~n ie t  D r .  (201) 
Falls Church, Va. 22021 
P 
E., D m g i a l l o  I :  
MfIRDC - B l d g .  327 
Fort: Belvoir ,  Va. 22060 - .  
\ r t( 
B. Manning 
U. S. S.L.A.G. 
Rm 1B668 - The Pentagon 
Washingcon, D,C. 20310 
* ,  
.$ C , Gravina 
Up S.A. Katicic Labs. 
&$l21?, - CCE 
x j ~ t i ( : k ,  M a s s .  01760 
' .1. 
@J Singman 
Bq, 940 H a r r y  D i a m o n d  tabs. 
C$me & Van Ness' St.  ~ $ b .  
T$bshington, D. C. 2043$ 
k. J, K i l l l a i n  
Aerospace Gorp. 
P. 0. Box 95085 
Los Pngeles,  C a l i f .  99045 
I 
A l l a r .  H. Reed 
Battcelle hlemorial I n s t .  
505 King Avenue 
Cclunibus, Ohio 43201 
i 
p, L. Beauchamp 
g t  IJ, hiauirer $, J. McI-Ienry 
$611 Telephone Labs. 
l $ ~ r r i i y  iiiill, N.  J. 079Cc9 
I .  
.; 
ajdncty Gross 88-06 
350eing cornp&ny 
Sc:atr:le, Washingtoil 98124 
1 .  
&:'If, Bredbenner 
R. L, Turner 
Cgrarnaseal Inc.  
Box 25 
s i i w  Lebanon Center  
q ,  Y. 12126 
y. J .  Bi l l e rbeck  j,, D. Dunlop 
M a r t  i n  Earl 
G ,, Vm On~iering 
Coiils st Labs. 
Box 115 
Clar'csburg, Nd. 20734 
W., H a s c h  
E,, C z r .  
Xagl. Picher  Co. 
P.,O. Box 47 
J o p l i n ,  Mo. 64801 
George Kugler 
ESB Tnc. Research Cnt r  
19 W ?st College Avenue 
Yizdley,  Pa. 19067 
Martin Klein Energy Res 
Ener 3y Resezrch Corp. 
15 D ~ r m t  Avenue 
Bethel,  Conn. 06801 
3. K. 'R,&er 
S. L,  F o l l e y  
F a i r c h i l d  K i l l e r  
Germantown, Xd. 20767 
M. Savi tz  
E. Speuser 
Chern Depar tneilt  
Fede ra l  C i t y  College 
425 2nd S t r e e t  X.W. 
Washington, D. C. 
Arthur F l e i s c h e r  
466 So Center S t r e e t  
Orange, N. 3. 07050 
. . R. 2. Mikkeison 
Gen. ~ ~ n a i n i c s / ~ o n v a i r  
Dept. 967-50 
San Diego, C a l i f .  921.12 
Dave Schinidt 
General E l e c t r i c  . 
777 14th  S t r e e t  N. W. 
Washington, D. C .  20C105 
P. Voyentzie 
G. Rzrapel 
H. Cather ino  
General  E l e c t r i c  Corp. 
G a i n s v i l l e ,  F l a .  32601 
H. Thier f  e l d e r  
G,E. S.S.O. 
Box 8555 
Ph i l ade lph ia ,  Pa. 1 9 : L O l  
J. L. Weininger 
I?, W i l l  
General  E l e c t r i c  R&D Lsbs. 
Schnectady, N. Y. 12.301 
M. Geibl  
B. K. Xahato 
Globe Union Inc.  
5757 N Green Bzy Aveaue 
Milwaukee, Wisc. 53218 
C. 3 .  &nard 
Gould Inc .  
2630 Un ive r s i t y  Ave. S. 2 .  
Minr~e&pol i s ,  Xinn. 55414 
S tepllen Gaston 
Gruniman Aerospace Corp , 
PO3 P l a n t  35 
Petttpage, New York 117,lLi. 
Prec  Betz 
Ed I.;.antner 
E i l l  Ryder 
g u l t o n  I n d u s t r i e s  Inc, 
$12 Durham Avenue 
yepuchen, N . J .  088L0 
8,  N, Seiger  
Eel5 otelc ' 
12500 Gladstone Avenue 
D y l r x z c ,  x - C a l i f o r n i a  91444 
Paul R. Cox, Jr. 
Bqrcules  Inc.  
P . Q .  Box 12145 
It ascarch Tr i ang le  P a r k  
Wptth Caro l ina  27709 
. + 
. 1  
G,a~y  Lyons 
IIjjward T e x t i l e  M i l l s  
q;i West 36 th  S t r e e t  
Q t w  'York, N.Y. 10018 
R ,  A. Steinhauer  
B 365 MS 522 
Shigh as  A i r c r a f t  
P,O. Box 92919 
Los  Angeles, C a l i f .  90009 
h'orm,m M a t h e w s  
Inte;:natioilal Xiclcel Co. 
1000 16th  S t r e e t  X.W. 
k'ash:ingt on, D. C . 20036 
A. Uchiyana 
E;,~vc:y Frank 
J c h n  Arras 
Szm fiugner 
Je. t l'r opul s i  on Labs . 
4E00 Oak Grove Drive 
Ps.saclena, CaZif. 91103 
P. Dangle 
ICendal Co. 
F i b e r  Products  Divis ion  
Walpole, Mass. 02081 
R. E.  Corbe t t  D/62-25 ~ ( 1 5 1  
R. Kinsey 
Lockheed Pl i ss les  & Space Co. 
Synnyvale, C a l i f .  94088 
Louis Belove 
Marathon Battery Co. 
Keinblc Avenue 
Cold Spr ing ,  K.Y. 10516 
John Sanders 
John Leathard 
Mathew I m a n u r a  
Mart in  Denver 
P.O. Box 179 
. Denver, Coio. 80201 50455 
E.  E. Landsman 
NIT Lincoln Lab. 3210 
Lexington, Mass. 02173 
Alber t Hiniy 
McDonnel Douglas As t ronau t i c s  Go. 
2121 Gainpus Drive 
Newport Beach, C a l i f .  92660 
A. D. Taylor 
McDonnel Douglas As t ronau t i c s  Co. 
BBCO M. S. V17 
Huntington Beach, C a l i f .  92647 
A. M. F a l i k  
Chemstrand Research Center  
Box 731 
Durham, N.  C. 27702 
Leo G. Van Beaver 
P e l l o n  Corp, 
221 Jackson S t ,  
Lowel1,Xass. 018152 
Do;,dd C .  Br iggs  
' P h j . 1 ~ 0  Ford BDL Div. 
3959 Fabian Way . . 
Pa10 Alto,  C a l i f .  94803 
Phil* P i e r c e  
RCA. C or p . 
Box 800 
Princeton,  N. J. 
19. C. Ve r r i e r  
, 6 U T  Corp. of A n e r i ~ q  
- $0 Rockeffe l le r  ~ l a a i  
i?ew York, N.Y. 10020 
p. ix. Sco t t  
JYRW Sy s t  ems 
tl.2 /.! 154 
,One Space Park 
F.edondo Beach, C a l i f  .. 90278. 
3'. 11. Parry 
J', Given, 
2Yco Labs I n c .  
'Gi'altham, Mass 02154 
J. II. Jacobs  
Unictn C a r b i d e  Co-cp, 
P.O. Box 6056 
Cleveland, Ohio 44101 
William Boyd 
U t a h  U D  Co. Inc. 
S a l t  Lake C i t y ,  Utah 84104 
J. King 
J. L. Laclcner 
Defence Research  E s t a b l i s h m e n t  ' 
. . Pox~er  Sources Div. 
Shlr  ley Bay, O t t a w a  
Onl:ario, Canada 
R .  M. Ferguson 
Canadian A r s e n a l s  L i m i t e d  
S t ,  P a u l  ~ ' ~ r m i t e  Quebec 
Carlada 
,M. A. S t o t t  
Tel .esat  Canada 
333 River  Road 
Ottawa, dhtaria, Capqda 
S. Font  
8. P e r r  achon 
*T Corp. 
;Paris, France 
I N D E X  
- - - . - -  
O P E N I N G  REMARKS - G.  Halper t  3 
MAJOR PROBLEMS OF THE AEROSPACE BATTERY 
C. MAC K E N Z I E  I 
S E S S I O N  1 - MATERIALS PROCESSING AND CHEMICAL ANALYSIS 9 I i 
A NEW PROCESS I N  PLATE MANUFACTURING 
&.La BEAUCHAMP 
/ N I C K E L  CADMIUM PLAQUES AND P L A T E S  
I J .  PARRY 
I 
EXTRACTION O F  T H E  NEGATIVE PIJVJ."j! 
J. DUNLOP 
EIIECTROLYTE ' ANALYSIS 
G. VAN OMEERING 
DATA ON PLATE WEIGHTS 
G. HALPEEiT 
14 S E S S I O N  2 - C E L L  P R O C E S S I N G  I W D  T E S T f M G  I1 
PRECIIARGE D. MAURER 
F. FORD 
LOW TEMPERATURE OVERCHARGE ON T H E  OAO BATTERY PND CELLS 
S. GASTON 
NASA S U P P O R T  CONTRACT NAS-51L547, 
CHARACTERIZATION O F  CONTROL & 
WCOMB3CNATPON ELECTRODES 
W .  11. S E I G E R  159  /' 




23 1 2 5 , 0 0 0  CYCLE L I F E  BA!PTERY 
MARINER ' 7 1  BATTERIES \ 
S. BOGNEK 181 4 
24 1/ Ee CARR 
N O T E  
I N  G E N E R A L  TIJERE ARE FOUlZ S IAIDES PER I'AGE. TI3E S L I D E  
SEQUENCE I S  T H E  FOLLOWING,  REGARDLISSS OF BOOK ORIEWl"l'1'TON. 
( V e r t i c a l )  
17IGURE KO.  
- 
FTGUKE NO.  2 




5 some of onr problems and present some of the test results I 
3 
P R O C E E D I N G S  , .  - - - - - - . - . . - - - -  




lol l  
if there is a special subject that we may want to carq 
that have been accumulated during the ..last couple of years. . 
I We hope that you all will take part whenever the situation I I 
8 1  
9 ,  
I 
presents itself. We have four sessions planned with a 
fifth session tentatively scheduled for Wednesday morn:.ng, 
and indicated they would like to talk. Each session chai r -  I 
i 
1 1  
12 
man is responsible for the speakers in his group. I will intro- j 
over. 
There are speakers who have already come Eorvard 
specific session of interest, 1 am sure he w i l l . - b e  very happy I 
15 
16 
I/ to put you on the paograrn. I 
duce each of the chairmen so that if you want to be added to 
the speakers list, you can contact the chairman before the 
1 4  I will be chairing the first session this morning 




24/~ennigan. It will bo on t h o  ospamtors ,  seals and b a t t e r y  
an materials. 
Floyd Ford will be chairing the afternoon session 
on cell production testing and precharge. 
,at Reporters? Ir~c. 
2' 5 
The chairman of t h e  f o u r t h  s e s s i o n  on Tuesday a f t e r -  
noon w i l l  be B i l l  B i l l e rbeck  from Cornsat. Bill's s e s s i o n  w i l l  
i nc lude  new d e s i g n s ,  dev ices  and new a p p l i c a t i o n s .  
As you can r e a d i l y  see and a s  i n  t h e  p a s t  ou r  
program is recorded and i s  being taken down by a s teno-  
g rapher .  
I n  o r d e r  for  t h e  books to be publ i shed  l a t e r  on,  
w e  need t h e  i d e n t i f i c a t i o n  of everyone who wishes  t o  
ques t ion  or comment on a s u b j e c t .  W i l l  you please c l e a r l y  
g i v e  your l a s t  name and your a f f i l i a t i o n  and he  w i l l  be 
g l ad  t o  t a k e  down t h e  informat ion.  
A t  a later  t i m e  be fo re  you l e a v e  w e  w i l l  hope t o  
have a l i s t i n g  of t h e  speakers  who have planned t h e i r  
p resen ta tLons  f o r  today and tomorrow. I f  t h a t  d o e s n ' t  come 
o u t ,  it c e r t a i n l y  w i l l  come o u t  w i th  t h e  book le t  l a t e r  on. 
For  any o f  you who d i d  n o t  r e t u r n  a brown ca rd  
to me, I will have them available this afternoon. 
I would l i k e  t o  have your f u l l  add res se s  i nc lud ing  
ZIP'S and ma i l  codes t o  make s u r e  you g e t  a copy of t h e  
minutes.  
The a r e a  t h a t  we hope t o  cover  du r ing  t h e  workshop 
starts  w i t h  -- i f  I can have the f i r s t  s l i d e .  . 
(S l ide .  1 
-- t h e  nickel powder, 
We see pictured a scanning eS.ectron photorricrograpki 
:! 4 
at Reporters, IIIC. 
;! 5 
of n icke l  powder.287 with 5700 ''X" magnif icat ion.  This  
powder is  used i n  the manufacturer;of t h e  porous plaque used 
as the b a s i s  f o r  the  n ickel  and cadmium p l a t e s .  And.this i s  
it when the c e l l  is  a l l  assembled and cased. 
(S l ide .  ) 
This  i s  an OGO b a t t e r y  ready f o r  f l i g h t  use. Afte r  
b a t t e r y  assembly we c a n ' t  r e a l l y  do much about it. So t h e  
problem areas e x i s t  bet.~toen those two points. 
It is  appropr ia te  a t  this time f o r  u s  to p u t  i n t o  
perspect ive  t h e  major problems t h a t  mus t  be solved fo r  t h e  
aerospace b a t t e r y .  To desc r ibe  t h e  key issues t h a t  t h e  power 
system designer  m u s t  contend with now and i n  the f u t u r e ,  
we are f o r t u n a t e  t o  have with u s  Mr. Chuck MacKenzie, Chief 
REPRODUCIBILITY OF THE O
RIG
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I Reporters, lnc. 
2!j 
of  t h e  Space Power Technology Branch. ~ r ' .  ~acKenzFe  has 
. . 
cons ide rab le  expeklenca i n  s a t e l l i t e  power system design 
and ope ra t ion .  And a t  p r e s e n t  he has t h e  o v e r a l l  power 
r e s p o n s i b i l i t y  f o r  e v e r  s a t e l l i t e  a t  Goddard. 
It  i s  my p l e a s u r e  t o  i n t roduce  Mr. Chuck MacKenzie. 
MAC KENZIE: Thank you, J e r r y .  I would l i k e  to 
a l s o  ex tend  t h e  welcome of t h e  Center  t o  each and every on8 of  
you. We a r e  ve ry  happy t o  have you h e r e  t a c k l i n g  what w e  
i n  the power system area cons ider  our  most impor tan t  component 
on the s p a c e c r a f t .  
+ 
I make t h e  s o l a r  a r r a y  people  and t h e  power 
cond i t i on ing  people  unhappy with t h a t  s t a t emen t ,  b u t  to us 
Fn t h e  system des ign ,  t h e  b a t t e r y  i s  t h e  most imnpor ta~ t  
component w e  have, probably because i t  i s  t h e  least  u ~ d e r -  
stood Component t h a t  we have. 
W e  are s t i l l  pushing i n  t h e  g e n e r a l  sense Eor a 
leed f o r  higher energy d e n s i t y  on cells and a longe r  Life. 
is I look ove r  your agenda I n o t i c e  t h a t  you a r e  more n i c a d  
~ r i e n t e d  t h a n  you are t o t a l  b a t t e r y  o r i e n t e d .  But I (lo ask  
rou t o  keep i n  mind t h e  h igh  energy d e n s i t y  requirements .  I t  
l i t  us i n  t h e  face agair. l a s t  week w h e r e  somebody wants a 
!ive-tb-one improvement on n i cad  weight  w i t h  t h e  same l ife-  
:ime. And we w i l l  con t inue  t o  g e t  t h a t .  
I t h i n k  you will have t o  look a t  your batteary program 
n a c l i m a t e  of short Funds;aid for the people  who mor . i t u r  
these  Programs in .a cl imate of okoktq-travel .  This means you 
have one very important management funct ion  t h a t  must be 
far b e t t e r  than it has been i n  t h e  p a s t ,  t h e  communic~!tion 
must be good. W e  must understand oux terms and t a l k  the 
same terms s o  we can communicate. 
I look at the b a t t e r y  problem from a system 
engineering s tandpoint .  I know j u s t  a little b i t  a b o ~ t  
b a t t e r i e s ,  a little b i t  about s o l a r  cells, a l i t t l e  b i t  
about power condi t ioning,  bu t  I can pu t  them t oge the r  
e f f i c i e n t l y .  
I am your principal uses.  And w h i l e  you might no t  
agree with m e  a s  t o  what I see the problems are, you have 
two t h ings  t o  th ink  about? 
F i r s t  of a l l ,  m I r i g h t  in my views s f  t h e  problem 
And if I am not ,  you have t h e  duty t o  c o r r e c t  m e .  I f  1 am 
r ight  in my views of the problem you have t o  get us t h e  answer 
To me t h e r e  are three b a s i c  needs t h a t  we need 
18 
19 
24'because t h e r e  arc so doggone many failures due t o  process I spolb!ls, Inc. t 
c o n t r o l  and assembly and mis fabr i ca t ion  t h a t  we cannot t r u s t  
Zrom t h e  b a t t e r y  people r i g h t  now. We need a uniform product. 
We need one t h i t  w e  know. Now, t h e  Crane Program has done us 
, 
I 
2 o  
:2 2 
23 
: a world of  good t o  give us an idea of how t h e  battery 1 i 
o p e r a t e s  and what w e  can do. 
I 
B u t  I th ink  from my s tandpoint ,  the f i r s t  s i x  o r  
seven years of Crane data i s  only indicative of t h e  bat tery  
I 




t h e  d a t a .  W e  hope t h a t  your un i formi ty  and your proces s  
. . 
c o n t r o l  w i l l  improve t o  t h e  e x t e n t  t h a t  t h e  data can ke 
ca t ego r i zed  and can be trusted f o r  our p r e d i c t i o n s .  
7 as a t r a n s i s t o r  with as \\?ell de f ined  parameters t h a t  k.e can I I 
5 
6 
8 pick  up ,and use  as a design j u s t  as we do wi th  t h e  t r e n s i s t o r .  I1 
w e  would l i k e  t o  see is  an  i m p o s s i b i l i t y ,  b u t  w e  would s t i l l  
l i k e  to see it. We would l i k e  t o  see t h e  b a t t e r y  c h a r a c t e r i z e d  
9 11 :I How w e  g e t  t h i s  I d o n ' t  know. I ' m  n o t  even s u r e  I 1011 we  can g e t  it.: ~ u t  I t h i n k t h i s  i s  one area where 1 a s k  you 
I 3  I/ The t h i r d  problem i s  t h a t  we need some r e l i a b i l i t y  
1 1  
12 
t o  s ea rch  all: 'youx in ingenious  t e c h n i c a l  minds and try and 
h e l p  us s o l v e  t h i s  problem. 




m(idels and w e  need some a c c u r a t e  test e x t r a p o l a t i o n s .  We're I .  
looking  a t  t h r e e ,  f i v e ,  seven and i n  t h e  f u t u r e  ten-year  
des ign  l i v e s .  
20 t o  know something about  t h e  r e l i a b i l i t y  o f  t h e  dev ice  and 1: 
18 
19 
ments r i g h t  now i s  the nicad  c e l l .  But f o r  a 10-year r equ i r e -  
ment w e  cannot  p u t  a  cel l  on t e s t  for  1 0  y e a r s .  So we have 




:!4 competcnks and thc capability in t:f.lir; Poem to solva it, I 
Ii 
I 
aporh!rs, Inc. i 
25 1 have no fear ehne w e  w i l l  get t h o  anawcxo i n  the f u t u r e ,  But 
i li i i 
how w e  can g e t  good t q a t  d a t a  i n  a s h o r t  t ime t h a t  w i l l  
p r e d i c t  t h e  long  l i f e .  
2 4  
I Reporters, Ini:. 
25 
we need them as f .ast  as you can get them t o  u s .  I thank 
3 
you all for coming. I hope your workshop w i l l  be productive. 
Good luck t o  a l l  of you. 
(Applause. 
HALPERT: That is as close to a keynote address 
as I've heard h e r e  f o r  t-e b a t t e r y  i n d u s t r y .  f think w e  
a l l  have a mission t o  accomplish. Chuck h a s  c e r t a i n l y  g iven  
u s  t h e . k e y  to  start. X hope we will con t inue  on i n  Light 
of what he  has s a i d .  
S E S S I O N  1 
The first s e s s i o n  is m a t e r i a l  assembly, plaque, 
p l a t e ,  c o n t r o l  and some of t h e  bas4c operations i n  making 
t h e  p l a t e s  that go i n t o  a  n i c k e l  cadmium cell .  
We have as our  f i r s t  speaker  t h i s  morning Richard 
Beauchamp of Bell Labs who has  done a  csnsi .derable  xnount 
b f  work a t  B e l l  i n  w ~ r k i n g  o u t  new processes of  p l a t s  
nanuf acture . 




8 c i a l l y .  And t h en  w e  w i l l  d i s c u s s  t h e  more r a p i d  and direct I1 
BEAUCHAMP: I would l i k e  t o  give a review t h i s  






t h e  E lec t roc l~emica l  Soc ie ty .  
For those  of  you who were there I ask you t o  bear 
wi th  m e .  For t hose  who weren ' t ,  a l s o  bear wi th  m e .  .Find I I 
w i l l  begin my t a l k  t h i s  morning by b r i e f l y  d e s c r i b i n g  
some of t h e  convent ional  impregnation processes used Eomrner- I 
1411 s i g n i f i c a n t l y  h igher  than  t h a t  ob t a ined  under  normal operating / 
9 
1 13 
1 1  
1 
1 3  
I1 1 !i cond i t i ons .  
e l ec t rochemica l  method. 
The l i m i t a t i o n s  of  t h e s e  p roces ses  as p r e s e n t l y  
p r a c t i c e d  w i l l  be shown before proceeding t o  describe t h e  
new e l ec t rochemica l  t echnique  whereby t h e  amount of a c t i v e  
material in t roduced  i n t o  a s i n t e r e d  n i c k e l  p laque i s  
Numerous p roces s  parameters  have been explored.  
And'-the, o p t i m u m  ranges of the variables w i l l  be selecised. The 
effect-,-*of these parameters on a r y s t a l  morphology w i l l  be 
demonstrated with  e l e c t r o n  photomicrographs. Also shown w i l l  
b e  t h e  uniform d i s t r i b u t i o n  of a c t i v e  m a t e r i a l  in t h e  
p o r e s  and t h e  h i g h  surface a r e a  o f  t h e  deposit, And 1:hen 
f i n a l l y  r e s u l t s  of both open and sealed cells  cycled under 
various cond i t i ons  w i l l  also be presen ted . .  
i 
:f:pctrlers. Inc. / 
If I may havo the f i r a t  s b l d s ,  pl.case, 
(Slide. ) 
I Repor terr , Inc. 
2!i 
process  i n  which a s i n t e r e d  nic1:el p laque is  f i l l e d  with a 
s a t u r a t e d  s a l t  s o l u t i o n ,  cadmium n i t r a t e ,  n i c k e l  n i t r a t e ,  
by immersion. And the hydroxides are p r e c i p i t a t e d  by 
e l e c t r o l y t i c ,  chemical o r  thermal  conversion; And this p l a t e s  I I I 
are washed and d r i e d  and maybe given  as many a s  f i v e  to e i g h t  . I 
c y c l e s  i n  o r d e r  t o  achieve e l e c t r o d e s  of h igh  energy i 
d e n s i t y .  
i 
The amount af m a t e r i a l  depos i t ed  i n  one cycle i s  
.. . I 
dependent upon the s o l u t i o n  concen t r a t i on ,  and i t  i s  of t e n  . i , t 
1 1 n e c e s s a r y  t o  r e p e a t  t h i s  s t e p  s e v e r a l  t i m e s .  
I (S l ide .  ) 
I 
Here we show a schemat ic  of t h e  e lec t roche ln ica l  
impregnation p roces s  which w a s  f i r s t  talked abou t  by 13dison 
and Candler. 
I n  this case you start w i t h  a s i n t e r e d  n i e l i e l  
plaque aga in ,  but the battery a c t i v e  material, t h e  hyclroxidest 
are p r e c i p i t a t e d  i n  , s i t u  . '  Sn:? your  s a t u r a t e d  s a l t  
s o l u t i o n s  by pas s ing  a c a t h o d i c  c u r r e n t  between t h e  plaque and 
two s u i t a b l e  c s u n t e r e l e c t r o d e s .  
The plaques  are then  washed and d r i e d .  Ancl, i f  
necessary ,  t h e  p roces s  can be ropeated,to i n c r e a s e  .thri l o a d i n g .  
( S l i d e .  ) 
Here we show a graph oE the tlaeorqtical ,e,lectrode 
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impregnation time..  And t h i s  %presents t h e  optimum cond i t i ons  
of  l oad ing  u s i n g  t h e  e l ec t rochemica l  p roces s  at room ttrnpes- 
ature. 
W e  use  a four-molar s o l u t i o n  of n i c k e l  n i t r a t e  
a t  a c u r r e n t  density of 2 amps per square  inch .  And y l ~ u  can 
see t h a t  we can achiever a load ing  of 1.2 grams n i c k e l  :zydroxi.de 
pe r  cc of  plaque void which i s  e q u i v a l e n t  t o  n e a r l y  a 
load ing  of f i v e  ampere hours per cubic inch .  Here t o o  t h e  
process  can be recycled i f  a h ighe r  l oad ing  i s  d e s i r e d ,  
When i n i t i a l  attempts were made t o  p repa re  t:admium 
e l e c t r o d e s  by t h i s  p roces s ,  we were less s u c c e s s f u l .  l ' ina l ly  
after renewed effort we were able t o  a t  least o b t a i n  the 
loading c o n d i t i o n s  as shown i n  t h e  n e x t  s l i d e .  
, (S l ide .  ) 
Thi s  i s  a l s o  e l e c t r o ~ h e m c i a l l ~  p r e c i p i t a t e d  a t  
room temperature .  And it shows t h a t  t h e  maximum load ing  
3btained is about one g r a m  of cadmium hydroxide per cc of 
>laque voiq,., Here again it is equivalent t o  a b o u t  
f ive ampere hours  p e r  c u b i c  inch.  I n  t h i s  case we've used a 
io iu t ion  of two-molar cadmium n i t r a t e  a t  a c u r r e n t  d e n s i t y  of 
125  amps per squa re  i nch ,  
And t o  reach t h i s  l oad ing  r e q u i r e s  an  imprecnat ion 
: i m e  of approximately  75 minutes. 
Orre o f  the prob2.ems wa've found w i t h  the preparat ion 
~f cadmium electrodas wikh t l r i s  process was the effect of 
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ELECTROCHEMICAL PRECIPITATION OF Cd(OH)2 AT 25°C 
c r y s t a l  s i z e  and .the blockago of t h e  pares which hiniiexed , 
subsequent p r e c i p i t a t i o n .  Ke d id  some i x l i t i a l  attem;?tr; t o  
decrease t h e  s i z e  of the caclmitun hydroxide. Bnd we found 
that if w e  increased tho temperature up t o  near the 
boi l ing  point of the cadmium n i t r i t e  oa lu t ion  w e  did  indeed 
decrease t h e  c r y s t a l  size as shown in the next  s l i d e ,  
(Sl ide.  ) 
These are transmission e l e c t r o n  photamidrc~- 
graphs, 10 ,000  "X" magnification. The cadmium hydroxide 
vas deposi ted onto a p lanar  n i c k e l  s h e e t  i n  a boiling 
:admiurn n i t r a t e  s o l u t i o n  at d i f f e r e n t  temperatures. 
YQU :can;:recognize the f m i l i a r  hexagonal leaf l e t s  
>f cadmium hydroxide. And their s i z e  inc reases  up to  7S°C. 
lowever, a t  higher temperatures, and e s p e c i a l l y  at terlperatures 
~pproaching t h e  b o i l i n g  p o i n t ,  w e  have found t h a t  w e  
zec ip i ta ted  a very small  crystal  size of a similar shape. 
md when the experiment was carried out using a poxous nickel 
~laque i n s t e a d  of a planar n i c k e l  e l e c t r o d e ,  we d i d  indeed 
'ind increased loading. 
I would I f k s  t o  sum:?up~~thb::results of the i n i t i a l  
. . 
rork by showing you the next  s l i d e  which i s  k i n d  of hard t o  
.ake. But i f  you Look a t  it for a while,  it starts t o  make a 
(s l ide,  ) 
I n  t h i s  case ws used a plaque 28 m i l s  t h i c k  and 
8 1  Reporters, Inc. 
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about 75 p e r c e n t  porous. m d  the cond i t i ons  were .such t h a t  
. - 
the c u r r e n t  and t i m e  gave u s  a one ampere hour charge l e v e l  
i n  each case. 
And I have p l o t t e d  t h e  capac i ty  o f  the e l e c t r o d e  
i n  ampere hours  p e r  cub ic  i n c h  after t h e  p laque had been 
impregnated and formed. This  r e p r e s e n t s  t h e  weight  c_.ain of  
the plaque m a t e r i a l ,  And we looked a t  a c u r r e n t  d e n ~ i t y  of  
.25' t o  one amp per  square  i nch  and a s o l u t i o n  c ~ n c e n t ~ r a t i o n  
of .5 t o  4 molar cadmium n i t r a t e .  
The purpose of  t h i s  s l i d e  i s  on1y: to  BhodJ you 
that the range of  cond i t i ons  i s  n o t  that  s e n s i t i v e  t c  
cu r r en t  and s o l u t i o n  concen t r a t i on*  The b e s t  r e s u l t s  were 
~ b t a i n e d  a t  a s o l u t i o n  concen t r a t i on  of  from two t o  dour 
nolar  cadmium n i t r a t e  a t  a c u r r e n t  d e n s i t y  of  a h a l f  t o  one 
m p  p e r  squa re  inch.  
Th i s  r e p r e s e n t s  t h e  upper p l a t e a u  of t h e  diagram, 
:his r e g i o n  here .  Plaques  prepared under these donditions 
rere n e a r l y  i d e n t i c a l  i n  loading.  S ince  t h i s  p roces s  i s  
>H dependent,  one o f  the c o n d i t i o n s  you would l i k e  t o  ach ieve  
. s  t o  i n s u r e  t h a t  t h e  pH o f  t h e  s o l u t i o n  dur ing  impregnation 
remains as c o n s t a n t  as p o s s i b l e .  
One of  ou r  i n i t i a l  d i f f i c u l t i e s  w a s  as impreg- 
rat ion proceeded, the pH of the s o l u t i o n  dropped, and i t  
ras d i f f i c u l t  t o  d o t e m i h o  t h e  effect a t  any one pH l z v e l .  
( S l i d e ,  ) 
! On t h e  next s l i d e  w e  show t h a t  i n  t h e  ve ry  




beginning h e r e  w e  have plot of so1.ution pI1 v e r s u s  t h e  
concen t r a t i on  of sodiwn n i t r i t e ,  b u t  we've found wi th  no 
. t j l / w i t h  t h e  chemist ry  of the  s o l u t i o n  and y e t  d id  n o t  induce 
-I L I  
0 
t o  z e r o  and i n  some cases less, depending on t h e  impregnation.  
t i m e .  
ll 10 use e i t h e r  sodium or potassium n i t r i t e .  And t h e  n i t r : - t e s  
So w e  looked for an a d d i t i v e  which was conipatible 
5 )  
1 I! 11 are ox id i zed  t o  n i t r a t e s  at t h e  anodes;. And what 1 would 
i m p u r i t i e s  i n t o  t h e  a c t i v e  m a t e r i a l .  I n  t h i s  c a s e  you can 
1 4  u n t i l  you g e t  up t o  about  . 5  to  .6 m s l a r i x - i n  this c a s e  sodiwn I1 
1 2  
1 3  
l i k e  t o  show h e r e  i s  t h a t  as you i n c r e a s e  t h e  cancentjra'cion 
of sodium n i t r i t e ,  t h e  p H  of  t h e  s o l u t i o n  tends t o  s l s ab i l i ze  
I 
1:7ll l e a s t  under t h e s e  c o n d i t i o n s  u s ing  a  two molar so lu t i cm o f  
. . 15 
1 (5  
n i t r i t e .  
And w e  found that t h e  pH remained c o n s t a n t  a t  
21 w a s  a s l i g h t  i n c r e a s e  i n  c a p a c i t y  w i t h  i nc reas i -ng  n i t r i t e  ll 
1 3  
117 
2 13 
22 concen t r a t i on  I/ 
cadmium n i t r a t e  at a c u r r e n t  of a h a l f  an amp p e r  square 
i nch  f o r  4 5  minutes.  
Also as a s i d e  e f f e c t  which we d i d n ' t  d i scourage  
23  1 Now I ' ve  s i n g l e d  o u t  some of t h e  cond i t i ons  which 
2411 appeared to give us optimum loading. And i n  t h i s  case  I 
I Reporter:, In:. I/ 
25!lhave used a plaque 76 pcrcax~t porous and 27  to 29 mils t h i c k .  
I! 
II 
The plaques  were cleaned. i n i t i a l l y  i n  a d ry  
. . 
hydrogen atmosphere p r i o r  t o  impregnation. 
(S l ide .  ) 
And on t h e  n e x t  slide it shows the r e s u l t s  we can 
a t t a i n  u s ing  a two-molar s o l u t i o n  of cadmium n i t r a t e  and i n  
t h i s  case 3/10th molar sodium n i t r i t e *  a t  t h e  Poi l i n g  p o i n t  
of t h e  s o l u t i o n  which i n  t h i s  case i s  around 104OC. 
W e  have p l o t t e d  t l ~ e  t h e o r e t i c a l  e l e c t r o d e  c a p a c i t y  
ve r sus  impregnation t i m e .  And a t  a c u r r e n t  of  a h a l f  an  
amp p e r  square  inch w e  can a t t a i n  a load ing  of  2.1 grims o f  
a c t i v e  m a t e r i a l  f o r  cc of vo id ,  which represents a load ing  
d e n s i t y  of  approximatbly 9.7 ampere hours p e r  c u b i c  inch .  
The t h e o r e t i c a l  e l e c t r o d e  c a p a c i t y  was based on 
an e l e c t r o n ,  a two-elect ron,  t r a n s f e r -  :;. Af t e r ' r t hg  ! p h q u e k h d  
been impregnated they  were washed and d r i e d  and then  c:ycLed 
and then  brushed and washed and d r i e d  again .  So we've 
t r i e d  to e l i m i n a t e  a m a t e r i a l  that did deposit on the surface. 
When t h e  same t echniques  were a p p l i e d  t o  the 
p r e p a r a t i o n  of thep,ositlve electrode, similar r e s u l t s  were 
obta ined .  I n  t h i s  case t h e  c a l c u l a t i o n  of t h e o r e t i c a l  
. . 
c a p a c i t y  based on weight  gain was a one-e lec t ron  t r a n s f e r  
i n  the charge and d i scha rge  o f  t h e  p o s i t i v e  a c t i v e  material,  
as  s h m  an  t h e  next slide. 
. ( S l i d e . )  
I have shown n similar p l o t  of e l e c t r o d e  
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capac i ty  ve r sus  impregnation t i m e .  Here aga in  u s ing  a two- I :  
molar s o l u t i o n  of  n i c k e l  n i t r a t e  a t  a c u r r e n t  o f  a h a l f  
an amp p e r  square  inch .  
The maximum loading I 've shown here.;  : 'Aft .er . .75 .  minutes 
you o b t a i n  a load ing  of 2 . 1  grams of p o s i t i v e  a c t i v e  material 
I 
I p e r  c c  of  vo id  volume which is e q u i v a l e n t  t o  a load ing  d e n s i t y  I 
of approximately 0.5 ampere hours p e r  c u b i c  inch.  
I might add t h a t  i f  the p l a t e s  a r e  washed and 
I 
d r i e d . t h e y  can be g iven  an i n i t i a l  o r  a subsequent  impregna t ion ;  I 
cycle .  And on t h e  f e w  plaques  t h a t  w e  have done this t o  1 i 
we have achieved a  l oad ing  as high as 11 t o  1 2  ampere 
hours per cubic  inch .  
However, the i n i t i a l  o b j e c t i v e  was t o  o b t a i n  a i t  i I 
r e s p e c t a b l e  l oad ing  wi th  just one impregnation cyc l e .  I 
i 
I would l i k e  t o  show now a series of scanning  I 
i 
I e l e c t r o n  photomicrographs i n  an a t tempt  t o  demonstra te  the 1 
I I 
s a l i e n t  c h a r a c t e r i s t i c s  of t h e  a c t i v e  m a t e r i a l .  Nonnally 
t w o  p i c t u e s  w i l l  be shown on each s l i d e ,  one o f  a coinmercial 
e l e c t r o d e  prepared  by an immersion technique and t h e  o t h e r  
p repared  by c a t h o d i c  d e p o s i t i o n ,  a l l  excep t  on t h e  nex t  slide 
which just shows you t h e  porous n i c k e l  s u b s t r a t e  which was 
used for t h i s  s tudy.  
( (S l ide .  ) , On the left at a magnification of 500 ''x" we 
I 
o h m  you the open s t r u c t u r e  o f  tlla s i n t e r e d  nickel p:Laque. f 
And this p o i n t  here is a t  larger  rnagni f ica t ians  up to 2000 "Xu 
i j  
I I i 
magni f ica t ion .  The area was selected here .  And it shows 
you the bonding between t h e  p a r t i c l e s  i n  the open s t f u c t u r e  
1 + 
of the substrate which you would l i k e  to r e t a i n  a f t e r  loading.  i 
(S l ide .  ) 
Now the n e x t  s l i d e  was t aken  a t  500"X" magni f ica t ion  1 
I 
of-two cadmium hydroxide e l e c t r o d e s .  The commercial talectrode 
is on t h e  l e f t  and it does  n o t  show the open structure? of t h e  I 
s i n t e r e d  n i c k e l  p laque whereas t h e  electrode prepared  by 
high temperature  impregnation r e t a i n s  t h e  openness i n  t h e  
I 
pore  s i z e  of the  s u b s t r a t e .  
I n  t h i s  case  this is  n o t  one b i g  c r y s t a l  oE 
cadmium hydroxide,  b u t  it is  made up o f  many, many minute i f 
crystals and i s  depos i t ed  uniformly over  t h e  exposed n i c k e l  I i i 
surf ace. 
I n  o r d e r  t o  show a l i t t l e  more d e t a i l  i n  t h i s  we had 
to go to a higher magnification as shown on the n e x t  s l i d e .  I 
( S l i d e .  ) 
I n  t h i s  case w e  Went up t o  2000 "X" showin13 t h e  
c o n t r a s t .  And I might  add t h a t  t h e  l oad ing  of t h e s e  two 
p laques  i s  s i m i l a r ,  b u t  t h e  c o n t r a s t  i s  i s  i n  w i t h  t h e  
d i f f e r e n c e  i n  s i z e  of the cadmium hydroxide crystals. 
I n  t h i s  case you can see the many s m a l l  c r y s t a l s  d e p ~ ~ s i t e d  I 
uniformly throughout  t h e  pl-aque. And we have still been 
able to rnaintain t h ~  open structure of tlrs substrate, 
T h i s  ,e.leetrodo gives us maximum u t i l i z a t i ~ n  of 
the negative active material and also rapid o&an rlscombin- 
a t ion .  
On the next s l i d e  we show two positive e lec t rodes .  
Here again t h e  e l e c t r o d e  on the l e f t  was prepared by immersion 
techniques,  and the one on the right  by high-temperature 
impregnation methods. 
And the thing t o  watch for again is the open s t r rzctu  
of the substsate which we've been able t o  maintain and s t i l l  
achieve a high loading. The a c t i v e  material i s  deposited 
uniformly on the exposed nickel su r faces  where i n  th:Ls case 
most of the void of t h e  plaque has been sea led  by tht! a c t i v e  
\ 
mate r i a l .  
Now i n  order  t o  get more d e t a i l  i n  t h e  st1:ucture 
we had t o  go up t o  10,000 YX" magnification. And as shown 
an the next slide, you can see the difference b e k e n  
the two e lec t rodes .  
(Slide. ) 
Here Lhe p o s i t i v e  act ive  m a t e r i a l  g ives  you a 
f l a t  low surface area of ma te r i a l  i n  c o n t r a s t  t o  t h e  -- it i s  
very had t o  descr ibe ,  b u t  E. must say t h a t  it has a h igh  
surface area. And this seems to enhance the cycl ing  ' 
efficiency of the active materlab, md the electrodes pre- 
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of u t i l i z a t i o n  and-very high energy  densities can be 
achieved. These electrodes t h a t  X've shown here have been 
cycles in 30 percent KO11 until their capacity was stabilized. 
Electrodes produced i n  t h i s  iiianner perform as 
well i f  n o t  better than  electrodes prepared by other  t.ecnniques. 
Wd r e p e t i t i v e  cyclbi?gfirat h i g h  rates in 30 percent ICOE.' does 
not  appear t a  be detrirnantal, to t h e  structural s t a b i l i t y  of 
titie active material .  
I n  addition, t h e  clcctrodes exhibit a high percent 
utilization af active material cycled in both the Elocded and 
the: sealed state, 
Now I would l i k e  to show you some electr ical  p e r f o r -  
n~mce data on cells made with t.hcse elcetrades and show by 
May of comparison U l e  results o f  other eloctrodos prepared 
3y the immersion techniqua , 
(S l ide .  ) 
H e r e  w e  show the electrode capacity milliam;?ere 
lours versus cycle nutrd~er for  two negative electrodes. The 
:heore t ica l  capacity. of our electrode was 528 vf1liamp1:re 
lours .  And after f o r t y  c:ycleo t h e  percent utilization 
ichieved was 7G percent .  Y'hc commercial electrode hat1 an 
initial tht:oretj.cill capacity of 518 milliampere hours and 
allen cycled showed a gradual  de t e r io r a t i on  in the measured 
=pacity u n k i l  af1,c.r 40 cycles wc rencfned 46 percent u t . i l i -  
:a @ion. 
These. e l ec t rodes  were charged a t  tJie ~ / 2  rate 

























i Reporters, lnc. 
2!j 
v o l t ;  For those of you who a r e  concerned about the money, 
I suppose one advantage i s  t h a t  you can use 35 percent  l e s s  
I 
cadmium t o  achieve tho same balance of  negat ive  t o  p o s i t i v e  
ratio i n  a n i c k e l  cadmium c e l l ,  i f  you maintain t h e  high 
percent  u t i l f  za t ion  of t h e  negat ive a c t i v e  mater ia l .  
(S l ide .  ) 
Shown i n  t h e  next  s l i d e  a r e  r e s u l t s  taken from 
p o s i t i v e  e l ec t rodes .  Here again we've p l o t t e d  t h e  e l ec t rode  
capaci ty  mill iampere hours pe r  square inch  versus t h e  charge 
cur ren t .  !fhe charge l e v e l  i n  a l l  cases  was 200  perci;nt. 
The e l e c t r o d e s  were discharged' a t  the C/5 rate. The e l e c t r o d e  
prepared by high temperature impregnation shows a very good 
capaci ty  and based on the measurement of t h e o r e t i c a l  e l ec t rode  
capaci ty  you can achieve 1 0 0  percent a t  t h e  C/5 rate and 
120  t o  130 pe rcen t  a t  higher rates. ' 
The commercial e l e c t r o d e  i n  t h i s  case alwiiys 
produces less than  i t s  t h e o r e t i c a l  capaci ty .over  t h e  range 
from C/20 t o  t h e  C rate. 
These f a c t o r s  con t r ibu te  t o  t h e  design of c e l l s  
w i t h  high energy dens i ty  and rapid  charge c a p a b i l i t y .  For 
example, t h e  data' can be i n t e r p r e t e d  f o  show t h a t  fox* the 
same m o u n t  of active mater ia l  20 to 30 percent more capaci ty  
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.4  /I mil l iampere  hours  ve r sus  cyc l e  number. We've charged the 
(Slide., ) 
On t h e  next  s l i d e  we have taken one of our e l e c t r o d e ,  
I 11 e l e c t r o d e  :.at t h e  2C r a t e  f o r  one hour and d i scharged  it a t  i 
I 
l o  are up to 400 or 500 deep d i scha rges .w i th  no deg rada t ion  i n  1 
9 
' ' / capac i ty .  ~ h b  f a c t  t h a t  the e l e c t r o d e s  g i v e  b e t t e r  t t . an  1 0 0  I I 
t h e  C rate t o  one v o l t  and a temperature  o f  l lO°F. We! . i 
show t h a t  t h e  c a p a c i t y  g radua l ly  i n c r e a s e s  w i t h  c y c l i n g  and 
then l e v e l s  o f f .  
.' This  e l e c t r o d e  has  now gone a v e r  -- I think. w e  I 
l 2  I/ p e r c e n t  of t h e i r  t h e o r e t i c a l  c a p a c i t y  based on o one-e lec t ron  
t r a n s f e r  is  n o t  e a s i l y  expla ined ,  
However, the r e s u l t s  from subsequent  t e s t s  d o  I 
1511 show t h a t  a l o s s  i n  plaque weight  of less than  2 p e r c e n t  i s  
l6 I1 observed af ter  t h e  a c t i v e  m a t e r i a l  i s  removed.:.;-So w e  have 
17)) very l i t t l e  e f f e c t  of cor ros ion .  
20 I/ e l e c t r o d e s  are charged a t  h igh  r a t e s .  Th i s  would account  
18 
l 9  
' ll 21 f o r  a m u l t i p l e  r a t h e r  t h a n  a s i n g l e  e l e c t r o n  t r a n s f e r .  And 
However, data exists which s u g g e s t s  t h a t  t h e  for- 
mation o f  high-valent  n i c k e l  ox ides  may occur  when t h e  
22 
23 
/ i t  would t h u s  make o u r  c a l c u l a t i o n s  o f  t h e o r e t i c a l  c a p a c i t y  
/ i n c o r r e c t .  
24 
teporlers, Inc. 
I Sea led  cells made w i t h  our own eLect;rodes h ~ e  
! I 
25i'performed well snrlor a va,ri,cly of una  modes. And I w o ~ l d  l i k e  
ii I  
show you some r e s u l t s  ob ta ined  from a mbl~ ia ture  hermcztically I 
(S l ide .  ) 
3 
The cel l  has  a t h e o r e t i c a l  energy d e n s i t y  of I 
sealed niclcel cadmium cell  designed f o r  B e l l  System iippli- 
c a t i o n ,  
* I/ Here w e  have a p l o t  of t h e  measured capacj-ty t o  
6 
7 
911 one volt versus the charge c u r r e n t  in rnilliamps. Here we've I 
one w a t t  hour per cub ic  i nch  and i s  capable  of be ing  rapid 
charged. 
101  used a charge l e v e l  of 1 2 0  percent end a d i s c h a r g e  rate 
1 1  11 of C/5. The c a p a c i t y  o f  the cel l  i s  shown by t h e  s01.id I 
under c y c l e s  va ry ing  f r ~ m  C/20 up t o  t h e  2C rate. This  ce l l  
can be c a n t i n u a l l y  charged a t  Ule C / 5  rate wi thou t  exceeding 
a tmospher ic  p re s su re .  
12 
1 3  
However,  if the cell is made w i t h  other objectives 
i n  mind, --: we:.have..made similar cells us ing  a d i f f e r e n t  
I 
l i n e  here .  The t h e o r e t i c a l  capac i ty  by t h e  dashed l i .ne.  And 
h e r e  we show t h e  ef feet of p r e s s u r e  a t  the end of charge 
1 
sepa ra tox .  and.!maybe a l i t t l e  less e l e c t r o l y t e .  And a 
cel l  of t h i s  s o r t  can and has  been cyc led  a t  t h e  2C rate 
for f o u r  or f i v e  hours  w i thou t  exceeding at%ospheric p r e s s u r e  
and w i l l  y i e l d  100 p e r c e n t  o f  i t s : . t h e o r e t i c a l  capac i ty .  




A ca l l  of s i m i l a r  des ign  was put on continuous 




ve r sus  c y c l e  nwnber. I n  t h i s  case we've charged a t  t h e  
~ / 1 0  r a t e  for 1 4  hours  and d i scharged  a t  the C/4 ra te  at' 
:3 
. 4 
f o r  t h e  ce l l  performance c h a r a c t e r i s t i c s  shown i n  t h ~  l a s t  
75". 
.This cel l  has  undergone 250 c y c l e s  showing no 
a5 
.'I 
loss i n  capac i ty .  I don't want to suggest thatLthe .use of 
e l e c t r o d e s  prepared  by t h i s  technique is s o l e l y  r e s p o n s i b l e  
I ( ) / /  c o n t r o l  o f  numerous des ign  parameters  on ly  one of  which is  I 
13 
' 
* I1 I I based on t h e  e l e c t r o d e  s t r u c t u r e .  And s i n c e  this? is!- t h e  
two s l i d e s .  On t h e  c o n t r a r y ,  I t h i n k  t h e  behavior  
e x h i b i t e d  by t h e s e  cells must be a t t r i b u t e d  t o  t h e  c a r e f u l  
l:!' t o p i c  of a future p u b l i c a t i o n ,  1 w i l l  not go i n t o  any d e t a i l  I 
1:; summary some o f  the advantages of t h e  h igh  tempera ture  impreg 11 . 
1 3  
1 4 
n a t i o n  p roces s .  And number one and very  impor tan t  i n  terms 
here .  
( S l i d e  . ) 
And t h e n  the  l a s t  s l i d e  j u s t  shows i n  t h e  *day of  




o f  economy i s  an o r d e r  o f  magnikude s h o r t e r  impregnation 
time and t o o  I t h i n k  we've shown by t h e  scanning p h o t ~ m i c r o -  
graphs  t h a t  we have an improved d i s t r i b u t i o n  o f  
\ 
22 11 the s e a l e d  state. And, f o u r ,  t h e  process  we f e e l  i s  anenable  
21 
22 
to continuous automatic p~ocessing. E s s e n t i a l l y ,  i t  .is an 
Reporters, lnc. 
e l e c t r o - p l a t i n g  process i n  tvhioh you can c o n t r o l  veqr a c c u r a t e l y  
. . 
And,three,  w e  have been a b l e  t o  ach ieve  30 t o  . 
70 p e r c e n t  g r e a t e r  u t i l i z a t i o n  of t h e  a c t i v e  m a t e r i a l ' i n  
I 
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method could be automated t o  give you t h e  uni formi ty ,  t h e  





t h e  c u r r e n t  and t he  t i m e  df.:irnpsegrrakione~~, md ;- 11 T:bel:.eve, .the 
HALPERT: ~ i e k  says  he w i l l  be very happy to answer 
any 'quest ions  you have wi th  regard to this p a r t i c u l a r  pre- 
. . D r .  F l e i sche r .  
! 
FLEISCHER: One of our early exper iences  wi th  . 
vacuum impregnation was t h a t  d i f f e r e n t  ba tches  of  n i  z k e l  
powder gave d i f f e r e n t  r e s u l t s .  Have you checked. the uni-  
I 
:! 4 
si Reporters, I,lc. 
:! 5 
1 forrnity o f  t h e  var ious  batches of powder t h 8 t S y o u  might be 
getting from t i m e  t o  t ima? 
BEAUCHAMP: A s  f a r  as it would a f f ee t : . t he  loading  
of a plaque? 
FLEISCKER: Exact ly .  
BEAUCHAMP Y e s ,  we've been maybe somewhat more 
l imi t ed .  We've worked wi th  Inco . powders 287 and 255. W e  
h a v e . a l s o  f o r  purposes of  comparison taken commercia:L 
e l e c t r o d e s ,  , d i s so lved  o u t  t h e  a c t i v e  m a t e r i a l ,  reimp~regnated 
them by t h i s  method and have been a b l e  to achieve t he  . 
loadings  t h a t  I've shown you here. However, I must agree 
wi th  you t h a t  1 think the uni formi ty  of a plaque is probably 
dependent inore upon tho center characterist ics t h a n  it is on 
rt-rfis~i:24 26 





the impregnation method per ssc. You have t o  start with a 
uriiform product o r  a uniform s u b s t r a t e  i f  you expect  t o  achieve 
a uniform loading inaependent of t h e  method of  impregnation. 
HALPERT: Yes. 
8 %hat is, batched n i c k e l  powder t o  see how it a f f e c t s  some II I 
6 
7 
of the c h a r a c t e r i s t i c s  t h a t  we normally t a l k  about.  . 
I rnigh: make one comment i n  answer t o  D r .  ~ l e i s c h e r ' s  
quest ion.  W e  have looked i n t o  t h i s  problem of n i c k e l  powder, 
And our  r e s u l t s  ind ica ted  t h a t  t h e  v a r i a t i o n s  
11 You showed photomicrographs of t h e  c r i t i c i n l  
1 1  
12 
13 
with batch  number o r  l o t  number is completely randox. So . 
there is no t r end  the re .  
FORD: Ford, NASA-Goddard. 
BEAUCH,W: I a m  s o r r y  i f  I d i d n ' t  mention t h i s .  




l 8  
s t r u c t u r e .  I assume it was on new p l a t e s ,  uncycled p l a t e s  
or right a f t e r  impregnation7 
Have you looked a t  the change i n  structure over 
a period of 240 or so cyc les?  




;13 11 a f t e r  impregnation with no c y c l i n g  and also the  ones: I ' v e  I I 
The scanning photomicrographs were taken on e lec t rode :  
t h a t  were cycLed t o  a constant capac i ty .  
;:portl?ts, Inc. 
:2 5 
shown you on' e l e c t r o d e s  t h a t  were cyc led  t o  a c o n s t a n t  
capac i ty .  And they  looked so similar that it was an e q u a l  
cho ice  as t o  which ones t o  show. 
COHN: Cohn, NASA. I 
I have t w o  ques t ions .  Could you g i v e  u s  t h e  
energy d e n s i t y  i n  watt hours p e r  pound? And could you t e l l  
us whether y9u f ~ u n d  any d i f f e r e n c e  i n  cadmium fading f o r  
11 your e l e c t r o d e s  ve r sus  the commercial ones ,  s o - c a l l e d  nega- 
I / t i v e  fad ing .  li BEAUCHAMP: The second q u e s t i o n  f i r s t .  The on ly  I 
, m a t e r i a l  I have w i t h  m e  now f s a s l i d e  t h a t  shows t h e  
d i f f e r e n c e  i n  f ad ing  a f t e r  on ly  4 0  c y c l e s  between our 
electrode and a commercial nega t ive  e l e c t r o d e .  
I 
I 
I W a t t  hours  p e r  pound. T h i s  is always a prcblem 
with u n i t s  t o  t a l k  about.  I c a n ' t  r e a l l y  draw t h o s e  c f f  t h e  
top of my head here .  
Dean, do you have any 'ideas? 
VOICE: W e  cou ld  c a l c u l a t e  it f o r  you.and c a l l  I 
I 
; you. 
(Laughter.  ) 
I 
I BEAUCHAMP I f  I t r y  t o  do  i t  up h e r e ,  I ' l l  make 
I i a mistake. But I t h i n k  t h e  l oad ings  that we've been a b l e  t o  / achiev, are comparable to those that you wduld f i n d  in a 
normal comnercia l  product. B e  it good o r  bad, I ' m  n o t  say ing .  
i / I j u s t  would want it to  show that: you can s t o p  a t  m y  lozd ing  
GROSS: Gross, ~ o e i n g .  
The r e s i s t a n c e  due  t o  d i f f u s i o n  t h a t  you lcwer by 
' ( 1 1  having an o p e n  s t r u c t u r e  would c e r t a i n l y  appear t o  be very I 
I 
: j I l inportant .  And t h i s  i s  one parameter of p l a t e s  which is  : 




1.1 Irnents of  t h e  p o r o s i t y  of  t h e  plaque both before and a£ ter 11 
probably would t u r n  o u t  t o  be an importent  f a c t o r  i n  a l lowing  , 
t h e  high performance. Nave you made any measurements of  i i 
'? 
1 0 
c l i n g  and bo th  t h e  f looded and t h e  seabed s tate.  I guess  I 
t h i s ?  
BEAUCHAMP : Probably i n d i r e c t l y  through rneasure- 
w e  have f a i r l y  d e f i n i t e  i d e a s  on t h i s - t h a t  w e  probably w i l l  I 
I 
i n t o  la ter  i n  t h i s  meeting. But  w e  f e e l  it i s  i m ~ o r t a n t  I 
to mainta in  t h e  open structure of bo th  plates  on the ~ o s i t i v e  I/ 
16 f o r  b e t t e r  u t i l i z a t i o n  and on t h e  nega t ive  f o r  b e t t e r  re- I I I 
combination. I 
I t h i n k  it i s  impor tan t  t o  t a l k  about  grams p e r  I 
2i' 11 KUGLER: Kugler , ESB. 
15 '  
20 
21 
I w a s  wazigering if you have n o t i c e d  any d i f f e r e n c e  I 
cc of vo id  as w e l l  as ampere hours  p e r  cub ic  inch .  I t h i n k  
they can bo th  t e l l  you a d i f f e r e n t  s t o r y .  And I th ink  you 
have t o  s p e c i f y  both.  
2l.lli.n t h e  s w e l l i n g  of your platen verstis commercial p la t e s  
Repcrters, Inc. 
an a h i g h l y  loaded positive? 
BEAUCHAMP: On t h e  p o s i t i v e  e l e c t r o d e  w e  do n o t i c e ,  
t i s  w e  do wi th  p laques  prepared by bo th  techniques ,  a s l i g h t  
11 i n c r e a s e  i n  t h i c k n e s s  a f t e r  formation.  
The plaques t h a t  are 1.oaded to very high l e v e l s  of 
/ /energy d e n s i t y  1 b e l i e v e  have t o  be made somewhat s t rol lgf  r 
6 t h a n  plaques  t h a t  a r e  more l i g h t l y  loaded. But i f  t h e  sub- 
s t r a t e  s is .b f  s u f f i c i e n t  s t r e n g t h  -- and I 'm t a l k i n g  about a ' /I? 
llplaque which is s t i l l  75 p e r c e n t  porous -- it can be .cycled 
I I  r e p e t i t i v e l y  a t  h igh  r a t e s ,  C/2 ,  c o n t i n u a l l y  wi thout  sf~owing 
lollany d e t e r i o r a t i o n  i n  capac i ty  o r  i n  t h e  plaque s t r u c t u r e  p e r  
S-s:.: Sua)Co~,~ U. S. Army ~ l e c t r o n i c s  Commctnd. 
l 3  s t r e n g t h  of  t h e  plaque w i l l ,  under t h e s e  c o n d i t i o n s ,  r e f l e c t  
t h e  capac i ty  d e t e r i o r a t i o n .  
16 
17 
2o 11 BEAUCHAMP: Well, I can t a k e  t h e  ea sy  way o u t  of 
Do you f o r e s e e  any problem w i t h  s c a l i n g  wi th  t h i s  
t ype  of p roces s ,  main ta in ing  a uniform temperature  and 
18 
19 
21 I that  one I suppose and say  t h a t  s o  f a r  t h a t  has  n o t  been our 
roblem. Everything I ' ve  shown he re  has  been done on 2.  
bench. 
concen t r a t i on  i n  t h e  s o l u t i o n ,  e f f e c t s  on t h e  p l a t e s ,  unifonn 
c u r r e n t  d e n s i t y  d i s t r i b u t i o n  and  s o  on? 
24 / /  I would hope t h a t  the process cou ld  he scaled up. 
iepor ters, Inc. / 
d I can '  t h e l p  b u t  envision it as b r i n g  s imi la r  t o  s ca l i ng  
El  
1 
311 any a d d i t i v e  aucll as a n i t r i t e  i n  the p H  of  t h e  s o l u t i o n  should 
up any e l e c t r o p l a t i n g  process  wi th  sone d i f f i c u l t ,  such a s  
2 
il 4 be monitored on some s o r t  of a circulating b a t h ,  which i s  
. . 
temperature .  I would th ink  t h e  s o l u t i o n  concen t r a t i on ,  
5 something t h a t  i s  a l r eady  done in t h e  p l a t i n g  f i e l d .  I/ 
6 
7 
So I may be a l i t t l e  o p t i m i s t i c  a t  t h i s  p o i n t ,  




1 1  
' uniform p laques .  ! 
STEINHAUER: S t e inhaue r ,  Hughes. 
The q u e s t i o n  of uniform nickel powder has  been 
raised, b u t  what e f f e c t  do you feel t h e  thermal  exposure 
12 
13 
during the s i n t e r i n g  p roces s  has  on t h e  un i formi ty  o f  





20 powder, b u t  when you s i n t e r  i n  a fu rnace  you can e i t h e r  do II 
BEAUCHAMP: A r e  you r e f e r r i n g  t o  t h e  o p e r a t i o n  I 
used j u s t  p r i o r  t o  impregnation? The c l ean ing  o f  t h e  -- 
STEINHAUER: No, p r i m a r i l y  du r ing  t h e  m e t a l l u r g i c a l  
s i n t e r i n g ,  whether you use a dry proces s  or a slurry 
18 
19 
21 /I t h i s  i n  s t e p s  of  d i f f e r e n t  t empera tures  and times o r  you can 
process .  
I n  other words, you can have uniform n i c k e l  
23')  taining an open pore structure and uniform structure? 
22 
QPOI~~TS, Inc. / 
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do it i n  one sho t .  What e f f e c t  do you feel t h a t  has  oil main- 
BEAUCHAhl'EP T h a t ' s  a loaded question. 
I t h i n k  it is impor tan t  -- X haven't 3.soked into 
II However, I think that the uniformity of t h e  nickel I 
:r 
/I 
' ' 1  powder and t h e  subsequent s i n t e r i n g  opera t ions  a impor- 
on one set of condi t ions f o r  tho  prepara t ion  of plaques. 
e s p e c i a l l y  on plaques which are more - ,heavi ly  loaded. 
t 1 
7' 
W e  use no c l a s s i f i c a t i o n  of our 'n ickel  powciers. 
t a n t .  A t  t h i s  po in t  I would say they  are probably important I 
as t o  t h e  maintenance of ample strength of t h e  subst r i i te ,  1 1 
'(I I/ But we  do use .clean room f a c i l i t i e s  which w e  can do or, a very 1 I 
1 1  
1 it 
12;l/here again ,  i t  i s  only on a smal l  s c a l e  opera t ion .  And maybe 
small scale. Our plaques a r e  so b i g  by s o  b ig ,  s o  1 ' n i  no t  
I 1 
t a l k i n g  about a commercial process.  , i 
1 CI 
1 4- 
w e  haven't been able to see the  effect of variation i n  s i n t e r i n g  I 
We do ca ta log  t h e  screen  plaque weight on every 
plaque w e  make, so w e  do have a h i s t o r y  t o  go back to. But 
l 7  /!conditions t h a t  o t h e r  people could. I 
+ 2o 1 laque m a t e r i a l ,  i n  f a c t  even m a t e r i a l  i n  which we've 
1 8  
l 9  
2 '  l/dissolved o f f  the a c t i v e  m a t e r i a l  and reimpregnate .it 
However, a s  f a r  a s  t h e  impregnation process  i s  
concerned, l i k e  I s a i d ,  I ' v e  been a b l e  t o  impregnate commer~ia l  
22 1bither n i c k e l  o r  c a a i u e .  
Now t h i s  i s  not the most d e s i r a b l e  a u b s t r a t ~ a ,  bu t  
SCOTT: S c o t t ,  TRW. 
ll Have you explored the upper  l i m i t s  of loading w i t h  I I r e spec t  t o  t h e  s t a b i l i t y  of capaci ty ,  you know, a s  a 
funct ion of  cycle life? Mow high car, you go  and s t i l l  g e t  
51 t h e  type of s t a b i l i t y  t h a t  you showed on your  s l ides?  I 
6 
7 
l o  I/ But w e  do like t o  see our negat ive Q l e c t r o d c ! ~  I 
BEAUCHAMP: I guess I have d e f i n i t e  i d e a s  ori that. I 
I 1  he^ may n o t  agree with anybody else's. And I am no t  t i 
l 'sure I am* f r e e  t o  comment on t h a t .  D e a n e  may get i n t o  t h i s  
8 !  
1 1  loaded to  a s p e c i f i c  value.  And we f e e l  t h i s  is very 
'I I 
9 
12 (important.  And t h e  p o s i t i v e  e l e c t r o d e  i s  also sensitive t o  I 
I I I 
l a t e r .  I 
13 1 loading. 1 
However, if P say something d e f i n i t e ,  I ' m  sure 
15/11'11 t u r n  around tomorrow and somebody w i l l  show just the I 
16 oppasite. I n  the n i c k e l  cadmium field it seems as tho l~gh you li 
19 important.  I t  is important  t o  s p e c i f y  both t h e  loading  and II 
17 
18 
20 the energy dens i ty .  And I alwzys contend t h i s  i s  t r u e .  I1 
can run t h e  same experiment: t o  show many d i f f e r e n t  thi~lgs.  
And I always have felt, however, t h a t  loadi:?g i s  
21 I/ PARRY : Parry, Tyco ' ~ a b e .  
22 I/ We have t aken  a brief 1001; a t  the high tempsrature I 
23 electrochernica2 process and we have succeeded in reproilucing ll 
24//a l o t  of t h e  results that Dick has talked about this morning.  1 
I 
Repolte:~, lnc. 11 




might be of use t o  o t h e r  peop3e. 
F i r s t  of  a l l ,  i t  i s  a process t h a t  i s  very  much 
more s e n s i t i v e  t o  t h e  exact cond i t i ons  of p r e c i p i t a t i o n .  
W e  found t h a t  we g o t  some ve ry  u n a t t r a c t i v e  appearances on 
some occas ions .  W e  had e l e c t r o n s  w i th  da rk  s p o t s  i n  t h e  
middle o r  h a l o s  around them. We've had ve ry  heavy d e p o s i t s  
around t h e  edges and almost  no th ing  i n  t h e  middle.  ?.nd 
t h e  process  i s  very dependent on t h e  e x a c t  condi t ions;  t h a t  
you use .  
A l s o  some of t h e  c o l o r s  t h a t  you s e e  are q u i t e  
d i f f e r e n t  from t h e  normal i np regna t ion  p roces s .  The nega t ive  
e l e c t r o d e  where w e  reproduce t h e  h igh  load ing  and h iqh  
u t i l i z a t i o n  are uniformly b lack  i n  c o l o r  a s  opposed t o  t h e  
normal g r a y i s h  c o l o r  of t h e  nega t ive .  
With t h e  p o s i t i v e ,  even when t h e  e l e c t r o d e  i s  
uniformly spaced between two coun te r  e l e c t r o d e s ,  w e  have 
seen  a p l a t e  that  is  green  on  one s i d e  and b l ack  on I:he 
o t h e r .  So it can be q u i t e  an i n t e r e s t i n g  t h i n g  t o  look a t .  
One o t h e r  i n t e r e s t i n g  p o i n t  t h a t  w e  found wi th  t h e  
nega t ive  e l e c t r o d e ,  d e s p i t e  t h e  f a c t  t h a t  you have r e l a t i v e l y  
large c a t h b d i c  c u r r e n t s ,  we've seen ve ry  l i t t l e  m e t a l l i c  
cadmium i n  t h e  p l a t e s  a f t e r  t h e  impregnation p r o c e s s ,  It  i s  
99 p e r c e n t  cadmium hydroxide and one p e r c e n t  cadmium,, which i s  
somewhat s u r p r i s i n g ,  
I3ALPERT: Tharrf; you, Dick, for  an e n l i g h t e n i n g  
I 
I 
t a l k .  
I th ink  a t  t h i s  p o i n t  we w i l . 1  break f o r  c o f f e e .  
1 
We will reconvene i n  about t e n  minutes.  I 
(Recess. ) 
HALPERT: To s t a r t  o f f  t h i s  session Dean Macrer 
from Bell Labs wanted to make some conunents w i t h  regard 
to scaling up of the process  t h a t  Dick Beauchamp t a l k e d  about, 
MAURER: I j u s t  wanted t o  comment t h a t  we a re  
working.with  a number of t h e  West e r n  Electric l icensc?es.  As 
you know, B e l l  Labora to r i e s  i s  p a r t  of t h e . B e l 1  Systein. And we 
are working wi th  t h e  Western l i c e n s e e s  on b a t t e r i e s  t l s  develop 
some scale-ups for t h i s  p rocess .  
And, s f  cou r se ,  w e  a r e  amenable t o  working with 
NASA or o t h e r  government agenc ie s  t o  do  t h e  same t h i n g .  
1:jli So t h e  sca le -up  p roces s  i s  i n  process .  I i 
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- FGlj' M Okay--uu.- 7 M&0i-2 8 - __- \L--/ A t  t h i s  p o i n t  we w i l l  go t o  ou r  n e x t  speaker  f o r  
do ing  quite a b i t  of work with regard  t o  the proces s ing  of 
nickel plaques  and n i c k e l  and cadmium plates for aerospace 
cells  and looking  a t  t h e  p roces ses  and t h e  f a c t o r s  a j f fec t ing  
the produc t ion  of these p laques  and p l a t e s .  
I p r e s e n t  t o  you D r .  Pa r ry ,  
PARRY: I n  giving J e r r y  a t i t l e  for  t h i s  t 2 l k  
1 ineluded t h e  vir%rds"qualsi.t,y cc tn t ro l "  i n  t h e  t i t l e  s ?  
'11 
2 4 
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t h a t  I could sort of s l i p  i n  under t h e  wires t o  t a l k  about 
the work w e  have been doing f o r  NASA-Goddard a t  Tyco. 
I n  a c t u a l  f a c t ,  I d o n ' t  t h ink  I ' m  r i g o r o u s l y  
t a l k i n g  about  q u a l i t y  c o n t r o l  bilt r a t h e r  t h e  c h a r a c t e r i -  
za t ion  t e s t s  t h a t  we've been us ing  at Tyca t o  i d e n t i f y  t h e  
degree of uniformity i n  the plaque and pate m a t e r i a l s  t h a t  
we 'have been preparring . 
I th ink  t h a t  t h e  c h a r a c t e r i z a t i o n  t e s t s  I ' n t  going 
t o  t a l k  about  are relevant t o  q u a l i t y  c o n t r o l  and alnrost 
certainly t o  post mortem ana lyses  of f a i l e d  cells. 




























p l a t e  manufacturinq I jrscess f r c m  t h e  powder t o  t h e  E i ~ l i s h e d  
p l a t e s .  W e  have looked a t  t e s t s  f o r  i d e n t i f y i n g  unifDrmity 
of powders, looking a t  the physical p r o p e r t i e s  o f  t h e  
plaque and a l s o  t h e  c h a r a c t e r i s t i c s  of p l a t e s .  
Now when I s e t  o u t  t o  w r i t e  t h i s  t a l k  I thought  
t h a t  I would just s k i p  over  t h e  work we d i d  wi th  powders 1 
i 
and p laques ,  because t h i s  worlc has appeared i n  p r i n t  i n  I paper 
reports,T&Gbdeal mainly w i th  t h e  work that we've done on 
p l a t e s  more r e c e n t l y  t h a t  h a s n ' t  y e t  been disseminated: But I 
So maybe i n  d i s c u s s i ~ n  we can get i n t o  sorrle of  ! 
- ! 
it i s  obvious from t h e  discussion earlier this morning t h a t  
t h e r e  i s  s t i l l  q u i t e  a l o t  of  interest i n  t h e  influence of 
plaque p r o p e r t i e s  on t h e  f i n a l  p l a t e .  
t h e s e  a s p e c t s .  I w a s  j u s t  going t o  s k i p  through what; we 
did  w i t h  powders and p laques .  
F i r s t  of a l l ,  w i t h  powders w e  measured bu1.k 
d e n s i t y ,  surface area, particle ~ i z e  distribution by sedi- 





t h e s e  were the f a c t o r s  t h a t  were most l i k e l y  I 
t o  be i n f l u e n t i a l  i n  t h e  s i n t e r i n g  process .  
Now you g e t  some i n t . e r e s t i n g  c o r r e l a t i o n s  between 
these p h y s i c a l  p r o p e r t i e s ,  b u t  I t h i n k  as far as qua:Lity 
c o n t r o l  is concerned o r  identification of  t h e  q u a l i t : i e s  
of powder, you can do this a l l  with bulk density. You can I 
I 
get all tktc answers yau want by measurement of b ~ l k  d e n s i t y .  i 
I 
With plaque w e  neasxred poros i ty ,  r e s i s t i v i t y ,  
su r face  a rea  and mechanical s t r eng th .  
(S l ide . )  
These a r e  measurements t h a t  we made with loose 
s i n t e r e d  powders without a support  screen.  So we don't h a w  
any of t h e  complicated f e a t u r e s  ok having something running 
through t h e  middle of t h e  porous mass. 
X j u s t  want t o  r u n  through these  quiclcly. Yo\; 
g e t  a reasonable c o r r e l a t i o n  between r e s i s t i v i t y  mea.. 
by a f u l l  p o i n t  method t o  avoid c o n t a c t  r e s i s t a n c e  ar~d '
(Sl ide .  ) 
Again, t h e  reason f o r  c o r r e l a t i o n  between 
mechanicnl s t r e n g t h  of  t h e  plaque and t h e  su r face  ixrea. 
(S Pide . ) 
And between mechanical s t r e n g t h  and r e s i s - ~ i v i t y  , 
I 
So amongst t h e  neasurements t h a t  w e  made they 
a l l  seemed to  be looking a t  t h e  same t h ing ,  wi th  t h e  
except ion of  t h e  su r face  area. This i s  n o t  too  surp:cising. 
And I t h i n k  i t  is understandable even i n  the ease of t h e  
surf ace area. 
What you 're  looklng a t  i s  t h e  neck growth 
between the particles of n i c k e l  powder. The more nezk 
growth you g e t  the greator t h e  mechanical strength of tho 
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s u r f a c e  a r ea .  
P o r o s i t y  i s  I th ink  a  l i t t l e  more o f  a c a s u a l  
r e l a t i o n s h i p .  I t  i s  no t  a s  d i r e c t  as t h e  o t h e r  t h r e e .  But 
it comes down t o  t h e  f a c t  t h a t  i f  want t o  assess t h e  
q u a l i t y  o f  a plaque o r  i t s  uni formi ty ,  you can do i t  wi th  
any one o f  t h e s e  measurements t h a t  I ' v e  l i s t e d .  So I think 
t h e  approach t h a t  should be taken is t o  use  t h e  one t h a t  is  
most convenient .  
P o r o s i t y  I say  i s  -- f i r s t  o f  a l l ,  it i s  n o t  very 
s e n s i t i v e .  When you ' r e  t a l k i n g  about  h a l f  p e r c e n t  changes 
i n  something. t h a t  i s  80 p e r c e n t  porous,  you a r e  r e a l l y  
t a l k i n g  about  q u i t e  a s i g n i f i c a n t  change i n  terms of t h e  amount 
of  s o l i d  'material t h a t  you've got. 
So I d o n ' t  p a r t i c u l a r l y  l i k e  p o r o s i t y  as a 
measurement. R e s i s t i v i t y  i s  f i n e  when you ' re d e a l i n g  wi th  
t h e  l o o s e  s i n t e r e d  plaques wi thou t  t h e  suppor t  s t r u c t u r e  
t h a t  we  are$-l isoking a t  here .  But as soon as you p u t  a 
suppoxt  s c r e e n  i n  t h e . s t r u c t u r e ,  t h e  s e n s i t i v i t y  goes down 
q u i t e  a b i t .  
Su r f ace  a r e a  i s  f i n e ,  b u t  it i s  a t e d i o u s  measure- 
ment t o  do and t h e r e  is  a f a i r  amount o f  o a l c u l a t i n g  a f t e r -  
wards. So r e a l l y  it is  n o t  a convenient  approach. I want 
t o  come t o  the one I want t o  p lug ,  which i s  mechanical  s t r eng tk  
And we have developed a four-point bend tes t  whish i s  very 
easy t o  c a r r y  o u t  and 1 t h i n k  gives sensible in format ion  




. '  . 
Xnstron t e s t i n g  machine or an equ iva l en t .  You can 
i n  terms of d e f i n i n g  t h e  q u a l i t y  of a plaque.  
(S l ide .  ) 
I1 do- it w i t h  a ve ry  much cheaper se t -up  than  t h e  equipment 
611 i n  which we did  t h o  measurements. 
10 11 the lower two. I 
7 
9 
And as t h e  t o p  is  d r i v e n  downwards, t h e  p:Laque 
E s s e n t i a l l y  you have fou r  pole :  p i eces .  The 1 
sample goes between them and t h e  p o l e  p i e c e s  as you see there 
the i n n e r  ones are a t  t h e  quarter p o i n t s  o f  the d i s t a n c e  o f  
l 2  11 begins  t o  bend and e v e n t u a l l y  you get f a i l u r e  -- th:ls goes I 
1311 i n t o  n e a r  pure bending i n  t h i s  four -po in t  method as opposed I 
1411 to a t h r e e - p o i n t  test which t ends  to end up as a tr:iangle. 1 
 hi$ goes i n t o  pure  bending, and you actuinlly see 
f a i l u r e  i n  t h e  c e n t e r  a t  t h i s  po in t .  I 
Now t h e  advantage of  the mechanical  strength I 
1 8  measurement is  t h a t  it i s  independent  o f  hav ing  a s ~ p p o r t  
1911. 
s t r u c t u r e  i n  t h e  middle s f  t h s .p3nquae  Most o f  We s t r a i n  
io ll is  t aken  i n  the s u r f a c e  layers o f  t h e  c e n t e r ,  s o  the measure- 
1 ment you get is  e s s e n t i a l l y  a measure o f  t h e  coherence I 
i!Zl  between t h e  n i c k e l  particles t h a t  you've s i n t e r e d  to form 
2!4 11 So ft is a ~ c n s i h b s  measurements for a t y p i c a l  
BI Rsporte~s, Inc. is 
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s t r u c t u r e  and is .  one t h a t  can be c a r r i e d  o u t  very r a p i d l y  
and rou t ine ly .  
I t h i n k  i t  has been used by o t h e r  people m:eason&ly 
successfu l ly .  Perhaps there can be some comment on t h a t  
af terwards,  
Just one o t h e r  word i n  passing,  I am veqp unhappy 
about any at tempt  t o  measure pore s i z e  d i s t r i b u t i o n  by 
measuring pore symmetry. I am n o t  going t o  go i n t o  d e t a i l .  
Again t h i s  is  i n  p r i n t .  But i f  anybody wants t o  ques t ion  
me af te rwards ,  I can give t h e  d e t a i l s .  
The main t h i n g  I wanted t o  t a l k  about was t h e  
work we've done on charac te r i za t ion  of  p l a t e s ,  i n  other 
words, chemical ana lys i s  of  the active materials of  n i c k e l  
cadmium b a t t e r y  p l a t e s .  
The techniques we've been using are proba.bly 
pretty e l a b o r a t e  f o r  q u a l i t y  assurance purposes,  but, we 
have set  o u t  t o  m a k e  comparisons between d i f f e r e n t  nethods 
of impregnation and also varying condi t ions  i n  theee methods 
of impregnation. 
. So w e  a r e . l a o k i q g  for r e l a t i v e l y  small  changes i n  
morphology, d i s t r i b u t i o n  and s o  on. So w e  have gone 1 th ink  
i n t o  somewhat more d e t a i l  than might he  necessary i n  the 
rou t ine  process where t h e  conditions a r c  n o t  changing very 
much Erem day t o  day. 
There 1 th ink  it is possible i f  all of the 
cond i t i ons  a r e  . n a i n t a i n e d ,  - it is  p o s s i b l e  t o  g e t  a reason- 
able i d e a  of t h e  q u a l i t y  o f :  a p l a t e  just by weight pick-up. 
But $or what we wanted t o  do we wanted more informat ion.  
E s s e n t i a l l y  what we wanted t o  do was t o  d e f i n e  
u t i l i z a t i o n  of the active m a t e r i a l s .  We wanted t o  see how 
u t i l i z a t i o n  changed w i t h  impregnation methods and hcw it 
changed as a func t ion  of the du ty  c y c l e  of the p l a t e s  i n  
/ 
opera t ion .  
So what we were s e t t i n g  o u t  t o  do was t o  measure 
u t i l i z a t i o n .  I d o n ' t  t h i n k  I need go i n t o  t h e  background 
of tha importance o f ,  as far a& fiermet&caE33'sealed cells 
are concerned,  of main ta in ing  p o s i t i v e  t o  n e g a t i v e  r a t i o s  
or a c c u r a t e l y  d e f i n i n g  the balance  of charge  i n  the negati;e 
needed ta be able t o  d e f i n e  t h e s e  t h i n g s  p r e c i s e l y .  This 




p a r t i c u l a r l y  w i t h  t h e  negative. If you are going  t o  end up, 
plate at the t i m e  of s t a r t i n g .  
But chemical  methods o f  a n a l y s i s  I t h i n k  are 
as you can w i t h  say  t h e  Fleischer process of impregnat ion,  
w i t h  a mixture  of cadmium hydroxide,  there i s  no way i n  which 
I you can t r a n s l a t e  t h e  weight  g a i n  i n t o  a simple ind . ica t ion  1 of how much a c t i v e  material you have t h e r e .  
I f  you have a mix ture  of  cadmium and cadnium I 1 hydroxide,  there's no figure you can use to conve r t  this t o  I 
at  Reporters, l i ~c .  , 1 
5 a t h e o r e t i c a l  capac i ty .  So there is a very d e f i n i t a  need I i I
- 
4 - 
,,+- - . 
. - 
- .  -2 ';;:>y f o r  methods of chemical  a n a l y s i s .  
- I 
-- 
7 11 - 
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Now wi th  t h e  nega t ive  p l a t e  t h i s  i s  not I d o n ' t  
ti t h ink  a  p a r t i c u l a r l y  d i f f i c u l t  problem. The componeni:~ t h a t  11 you have i n  t h e  nega t ive  p l a t e ,  cadmium meta l ,  cadmiur~ I 5 / 1  hydroxide and n i c k e l .  Qiie problems are -- w e l l ,  f i r s t  of a l l ,  I i 6 ) 1  you d o n ' t  know t h e  r e l a t i v e  amounts of  cadmium t o  cadnium 1 
hydroxide i n  some of  t h e  impregnation methods. i n  t h e  green 
I I 
L- plate.  And p a r t i c u l a r l y  on ,  c y c l i n g  you don1 t know horr much 
-. i / i 
1211 W e  a r e  a l s o  i n t e r e s t e d  t o  some e x t e n t  i n  how much corl:osion I 
1 0 
1 1  
of  t h e  n i c k e l  p laque occurs  du r ing  bo th  t h e  impregnation I 
14 proces s  and t h e  cyc l ing .  Although t h i s  a p p l i e s  more l:o t h e  
- 
15 p o s i t i v e  than to t h e  nega t ive .  
o f  t h e  m a t e r i a l  is a c t u a l l y  being charged and dischar!~ed.  
So what w e  need t o  do is  t o  defiIie f o r  t h e  par-  
t i c u l a r  p l a t e  how much o f  each component we've g o t  t h e r e .  
of  cadmium metal by complexation arnmoniacal zunrnonium I 
16 
17 
c h l o r i d e .  This  is  commonly c a l l e d  t h e  n n s p r a t t  s o l u t i o n .  I 
As f a r  as n e g a t i v e  p l a t e  a n a l y s i s  i s  concerr~ed,  
you can selectively extract cadmium hydroxide i n  t h e  presence  
. .-;!4 cadmium by complexirnetric t i t r a t i o n  with EDTA us inq  
porters, Inc. II 






Two hours  would normally e x t r a c t  t h e  cadmium 
hydroxide t o  no f u r t h e r  weight  l o s s  i n  ou r  expe r i ence  
I 
for  a t y p i c a l  p l a t e .  One can then  t a k e  t h e  s o l u t i o n  con ta in ing  
t h e  cadmium i n  t h e  complex f o m  and ana lyze  f o r  t h e  t o t a l  
Then . w i t h  . t h e  remaining p l a t e s  which now con ta in  
metallic cadmium and n i c k e l  you can d i s s o l v e  up t h e  vhole  
t h i n g  i n  n i t r i c  a c i d ,  evapora te  t o  g e t  r i d  o f  t h e  excess  
a c i d  a f t e r  d i s s o l u t i o n ,  a d j u s t  t h e  pH-10, and ana lyze  aga in  
f o r  cadmium.hydroxide. 
I t  i s  p o s s i b l e  t o  do  cadmium i n  t h e  presellce o f  
n i c k e l  aga in  by compleximetric t i t r a t i o n .  F i r s t  form t h e  
cyanides  and then  break t h e  cadmium complexes w i th  for- 
maldehyde and t i t r a t e  as be fo re  w i th  EDTA. You can then  
c a r r y  o u t  a second de te rmina t ion  f o r  t h e  amount of n:ickel .  
These are some o f  t h e  r e s u l t s ,  j u s t  t y p i c s l  
r e s u l t s  t o  i n d i c a t e  what can be  ob ta ined  i n  a n a l y s i s  of  
n e g a t i v e  p l a t e s .  E s s e n t i a l l y  what I ' ve  done here i s  t o  
check on the.method.  And t h e s e  p l a t e s  w e r e  prepared by 
impregnation by t h e  F l e i s c h e r  p roces s  w i thou t  n i t r i c  a c i d  
i n  t h e  cadmium n i t r a t e .  So t h e r e  is  l i t t l e  o r  no co r ros ion  
of t h e  s u b s t r a t e  du r ing  t h e  impregnation process .  
E s s e n t i a l l y  what we've done h e r e  i s  t o  t a c e  t h e  
p l a t e  weight  i n i t i a l l y ,  determine t h e  amount o f  cadmium 
hydroxide,  t hen  de te rmine  t h e  cadmium con ten t ,  add tnese 
two t o g e t h e r  and s u b t r a c t  it from the f i rs t  on.@ t o  g s t  
a f i g u r e  for t h e  plaque weight ,  W e  have then  comparad t h i s  
wi th  t h e  weight  o f  t h e  plaque per u n i t  area p r i o r  t o  t h e  
impregnation process .  
t h e r e  is p r e t t y  good agreement between t h e  plaque weight  I 
These Eigure~3seem t o  be j u s t  a l i t t l e  b i t  h i g h e r  i n  every 
case a l l  excep t  this one, which is j u s t  a l i t t l e  lower. But 
5 1 1  determined by s u b t r a c t i n g  o u t  t h e  weight of  t h e  active material& I 
I 
6 1 /  from the p l a t e  w i ' g h t  pe r  u n i t  area wi th  t h e  weight F e r  
- I 
u n i t  a r e a  o f  the plaque as we s t a r t e d .  I 
f d i d  some f u r t h e r  c a l c u l a t i o n s  on this j u s t  t o  I 
911 g i v e  us  some idea of what you caq get o u t  o f  a chemical  I 
1011 a n a l y s i s  t h a t  you c a n ' t  g e t  from j u s t  weight  i n c r e a s e .  If I 
11 11 you w i l l  look ,  t h e s e  are e s s e n t i a l l y  i n  p a i r s .  They repte- I 
i s  q u i t e  an improvement when you look a t  the to ta l  weight  I 
12 
1 3  
14 
j6 11 of a c t i v e  material. I d o n ' t  know i f  w e  can mix these .  
s e n t  a t t empts  t o  p u t  d i f f e r e n t  amounts of material i n % o  t h e  
plaque. 
The weight g a i n  h e r e  i s  n o t  t o o  uniform. There 




' 21 I s a i d ,  t h e  weight  pick-up wasn ' t  p a r t i c u l a r l y  uniform. But I I 
Could f have t he  piece of paper tha t  I have same f i g u r e s  
s c r a t c h e d  on? 
(S l ide . )  ' 
if you look a t  t h i s  i n  terms of  t h e  weight  of a c t i v e  I 
material, there i s  reasonable agreement. But if you look I 
24 a t  it i n  terms of the total cadrtzium, i n  o t h e r  words, you 
Repol @IS, he. I! 
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t h e  t w o  t o g e t h e r , p u  see t h a t  t h e r e  i s  an even f u r t h e r  i m -  
provement. I t  i s  c l o s e r  than one pe rcen t .  So weight g a i n  
can be mis lead ing  i n  t e r ~ s  of d i s t r i b u t i o n  and uni formi ty  
of a c t i v e  m a t e r i a l .  
If you do c a r r y  o u t  t h e  chemical  a n a l y s i s  you can 
s e e  t h a t  you g e t  a much c l e a r e r  p i c t u r e  of  whether ycu lve  
g o t  a uniform d i s t r i b u t i o n  o r  no t .  I t h i n k  i n  t h i s  c a s e  
it t u r n s  o u t  t h a t  t h e  weight g a i n  i s  mis lead ing  i n  t k a t  the 
two weight  g a i n  f i g u r e s  a c t u a l l y  ag ree .  But i f  you c80mpare 
t h e  amount of cadmium t h a t  you have d i s t r i b u t e d  i n  t h e  p l a t e ,  
t h e  agreement n o t  a l l  t h a t  good . 
So I t h i n k  as f a r  a s  t h e  nega t ive  e lec t rode!  i s  
concerned,  t h e  process  reasonably  s t r a i g h t f o r w a r d .  
And I d o n ' t  t h i n k  I need spend any more t i m e  on it. 
With t h e  p o s i t i v e  p l a t e s  w e  have a ve ry  much 
lmore d i f f i c u l t  problem. E s s e n t i a l l y  now you have n i c k e l  
i n  t h r e e  d i f f e r e n t  va l ence  states. You've g o t  t h e  p1,aque. 
You have t h e  d i s c h a r g e  material. And you have t h e  ckarge 
a a t e r i a l .  You have t h e  added compl ica t ion  t h a t  bo th  t h e  
discharged and t h e  charged s t a t e s  a f t e r  c y c l i n g  e x h i h i t  
non in t eg ra l  s to i ch iome t ry .  
I t h i n k  w h a t  I want t o  do  i s  p u t  my p r e s e n t a t i o n  
i n  t h e  d i r e c t i o n  I want t o  do  a t  t h i s  s t a g e .  And I t h i n k  
the real  problem that w e  are  faced with h e r e  a s  fa r  a s  any 
' 1) chemical. a n a l y s i s  it!? .conce;ned i n  i d e n t i f y i n g  these three 
. . 11 separa te  components is one of the value of the r e s t  p o t e n t i a l  
3 / /  of the p o s i t i v e  e lec t rode .  
: 
With t h e  negat ive e l e c t r o d e  which i s  si t t .Lng p r e t t y  
5 / /  c lose  t o  t h e  hydroyell potential you never have 
6 / /  any r i s k  of -- o r  you have very l i t t l e '  r i s k  of cor ros ion  of 
11 the n i c k e l  s u b s t r a t e .  
41 * But with t h e  p o s i t i v e  e l e c t r o d e  s i t t i n g  3 t  m o r e  
than h v o l t  p o s i t i v e  t o  hydrogen p o t e n t i a l ,  the o n l f  th ing  
loll t h a t ' s  prevent ing  severe  corros ion  of  the  n i c k e l  s u b s t r a t e  
11 I /  i s  the f a c t  t h a t  it has a pass ive  f i lm.  Now t h e  pass ive  
'1211 f i l m  happens t o  be b i v a l e n t  n i c k e l  and q u i t e  s i m i l a r  t o  t h e  
* I 3 )  discharged s t a t e  of  the pos i t ive -ac t ive  mater ia l .  I t  d i f f e r s  
l 
only i n  i t s  degree of hydrat ion i n  effect. 
1 5 1 1  
So t h a t  any at tempt  you make t o  d i s s o l v e  .up t h e  
1611 a c t i v e  m a t e r i a l  i n  t h e  p o s i t i v e  plate is simultaneously 
1811 soon as t h e  n i c k e l  metal  i s  exposed you a r e  going t o  get 
17 
19 11 corrosion.  
going t o  dissolve t h e  pass ive  .f i lm on t h e  n ickel .  And as 
2o /I This  i s  going t o  need an a s soc ia ted  cathodic 
. 21 11 process.  And t h i s  aspect  i s  going t o  come up i n  son@ of the 
22 d i scuss ions  t h a t  I s m  going to presen t  t o  you. But i n  




/ dealing with .  And t h i s  i s  all t o o  r e a d i l y  reduced. Rnd 
, 
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of corPQsion of the n i c k e l  s u b s t r a t e .  
To give an i d e a  of whae can happen, t h e  next: 
s l i d e ,  please. 
(S l ide .  ) 
These  a r e  some tests w e  d id  on p h y s i c a l  mj.xtures 
of n i c k e l  hydroxide and carbonyl n i c k e l  powders. Now these  
a r e  n o t  p l a t e s .  This  is  j u s t  a phys ica l  mixture  o f  n i c k e l  
hydroxi.de and carbony % n i c k e l  powder. 
The n i c k e l  hydroxide w a s  prepared by p r e c i p i t a t i o n  
from the n i t r a t e  and was d r i e d  a t  q u i t e  a high Lercperature 
t o  make s u r e  it had no water i n  it. W e  d id  X-ray d i f f r a c t i o n  
measurements on i t  to  determine the f a c t  t h a t  there f.s no 
water  con ten t  i n  t h e  n i c k e l  hydroxide. 
So s t a r t i n g  with  5 0  p e r c e n t  mixtures  of  the! n i c k e l  
hydroxide and n i c k e l  powder exposed t o  t h e  Muspratt  ~ ro lu t ion . ,  
g l s o  i n  c o n t a c t  w i th  a i r ,  you f i n d  t h a t  you g e t  on c ~ ~ l c u l a t i o n  
from the weight l o s s  an apparent n i c k e l  hydroxide ccrntent - 
1 0  p e r c e n t  h igher  t h a n  t h e  mixture  you s t a r t e d  with .  And 
this is f a i r l y  c o n s i s t e n t  through t h e  measurements t h a t  w e  
c a r r i e d  out .  
W e  a l s o  looked a t  the s t r a i g h t  n i c k e l  powclers. 
W e  looked a t  the 287 and t h e  255 under t h e  same condi t ions .  
We saw 3.4 pe rcen t  weight l o s s  for  t h e  287 powder, and an 1 8 . 4  
pa rcen t  weight loss for  the 2 5 5 .  
The b igge r  figure there probably reflects t h e  
means t h a t  t h e r e ' s  some p r o t e c t i o n  of  t h e  s u r f a c e  tct some I 
4fi 
e x t e n t  by t h e  Efnely d iv ided  n i c k e l  hydroxide. 
d i f f e r e n c e  i n  sur face '  area betwean these two materials. And 
t h e  fact t h a t  we s e e  a 1 4  p e r c e n t  weight l o s s  t h e r e  f o r  a 
d i f f e r e n c e  say  of 1 0  pe rcen t  i n  t h e  other ones,prob<.bly 
T h i s ,  of  course ,  would correspond t o  t h e  condi t i cms  
t h a t  you g e t  i n  a p o s i t i v e  plate where t h e  n i c k e l  substrate 
i s  t o  a large e x t e n t  protected by t h e  d e p o s i t  of a c t i v e  
material. But I d o n ' t  t h i n k  i n  any a n a l y t i c a l  method you 
I 
can r e l y  on t h i s  t o  p r o t e c t  the n i c k e l  substrate, p a r t i c u l a r l y  
towards t h e  end of  an e x t r a c t i o n  p roces s  when you've removed 
1 
most of t h e  a c t i v e  material, you're going t o  have a l o t  of I '  
t h e  n i c k e l  s u b s t r a t e  exposed. 1 l 
a 14 
15 
I f  you compare t h i s  w i th  t h e  mount of  nickel 
oxide  you-:normally have on t h e  carbonyl  n i c k e l  powders, 
16 
17 
w e  d i d  reduce one of t h e s e  i n  hydrogen a t  600 Centigrade. I . 1 And w e  got what I t h i n k  was a r e l a t i v e l y  high weight  l o s s  
18 
2.1 / and confuse  th-e figures that come o u t .  it I i I R e p ~ ~ t e r ! ~ ,  In( . j 2 dj ii f might add t h a t  w e  d i d  t r y  q u i c k l y  under these I! I 
of 1 .3  pe rcen t .  





So you've g o t  a p o t e n t i a l  problem -- tha t ' : ;  a 
good choice  of .wo~1.d~  -- p o t e n t i a l  problem r e l a t e d  t o  the 
rest p o t e ~ l t i a l  of t h e  p o s i t i v e  electrode. You've got: a 
problem i n  trying t o  carry o u t  an a n a l y s i s  of p o s i t i v e  
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cond i t i ons  adding hydrazine t o  t h e  s o l u t i o n  and seeinfr  t h e  
e f f e c t  of having a reducing agent  p r e s e n t  i n  t h e  e x t r a c t i o n  
s o l u t i o n .  And we saw no d i f f e r e n c e  under these c i r c u n ~ s  tances .  
1 t h ink  i t  i s  p o s s i b l e  t h a t  D r .  Kruger ' s  method which was 
descr ibed  a t  the power sou rces  Conference where the e x t r a c t i o n  
i s  c a r r i e d  o u t  i n  a c e t i c  a c i d  wi th  a i r  r i g o r o u s l y  excluded 
from t h e  system t h a t  i t  would be p o s s i b l e  t o  carry out. an  
analysis wi thou t  co r ros ion  of t h e  s u b s t r a t e .  
W e  had gone i n  ano ther  d i r e c t i o n  p r i o r  t o  l e a r n i n g  
about t h a t  method. I would l i k e  t o  d e s c r i b e  t h i s  approach. 
I t  i s  a t y p i c a l  e l e c t ~ o c h e m i s t ' s  approach i n  t h a t  i f  t h e  
rest p o t e n t i a l  i s  no t  what you want it t o  be you can t i n t  
you s tudy  t o  a p o i n t  where it w i l l  behave. So w e  took t h e s e  
p o s i t i v e  p l a t e s  and set  them up i n  t h e  e x t r a c t i o n  s o l u t i o n  
a t  a low p o s i t i v e  p o t e n t i a l .  I t  was j u s t  25 m i l l i v o l t s  p o s i t i ~  
t o  t h e  hydrogen e l e c t r o d e .  
p r i o r  t o  doing t h i s  w e  wanted t o  test w h a t  p ' 3 t e n t i a l  
range we could work i n  where there wouldn't be n i c k e l  
d i s s o l u t i o n  under t h e  cond i t i ons  t h a t  w e  w e r e  working, s o  
w e  took some of  t h e  Muapratt s o l u t i o n ,  s e t  up a n i c k e l  p laque 
and d i d  c u r r e n t  v o l t a g e  curves  t o  f i n d  o u t  what region!; 
06 :po tkn t ia lwe  could work i n  w i thou t  g e t t i n g  d i sso lu t ic )n  o f  
t h e  n i c k e l .  And w e  found q u i t e  a reasonable  p o t e n t i a l  range 
between z e r o  on t h e  hydrogen ecale and say p l u s  200 where 
w e  could work q u i t e  e s n i l y ,  
We a l s o  checked t h a t  a t  t h e s e  p o t e n t i a l s  y o u ' r e  
not going t o  p l a t e  o u t  n ickel .  Having e x t r a c t e d  t h e  p o s i t i v e  
a c t i v e  m a t e r i a l  and g o t t e n  q u i t e  a high concen t r a t i on  of  
n i cke l  i n  t h e  s o l u t i o n ,  are you a t  t h e s e  p o t e n t i a l s  going t o  
p l a t e  o u t  n i c k e l ?  So we cheoked wi th  t h e  same e x t r a c t i o n  
s o l u t i o n  wi th  n i c k e l  added t o  make s u r e  w e  wouldn ' t  d e p o s i t  
metallic n i c k e l  on t h e  plaque. 
Also I th ink  it i s  p r e t t y  w e l l  documented i n  t h e  
l i t e r a t u r e  t h a t  a t  t h i s  p o t e n t i a l  you c a n ' t  reduce n i c k e l  
hydroxide t o  metallic n i c k e l .  So what you observe ,  you 
i m m e r s e  t h e  n i c k e l  p laque ,  s t r a p  the po ten t i a l .  down t o  
p l u s  25 m i l l i v o l t s .  The c u r r e n t s  we observe are usua.l ly 
less than  a h a l f  a mil l iamp p e r  square  cen t ime te r .  I t h ink  - 
t h i s  i s  due to  r e s i d u a l  oxygen maybe adsorbed on t h e  a c t i v e  
m a t e r i a l  o r  t h e  f a c t  t h a t  w e  c a n ' t  g e t  it complete ly  o u t  of 
s o l u t i o n  wi thout  t a k i n g  more p recau t ions  t h a t  w e  have: been. 
W e  then have c i rcumstances  where w e  can l e t  
p l a t e s  s i t  i n  t h e  e x t r a c t i o n  s o l u t i o n  f o r  as long as w e  want 
t o  i n s u r e  complete . e x t r a c t i o n  of t h e  a c t i v e  m a t e r i a l ,  And 
this . is - I t h i n k  one impor t an t  a s p e c t  o f  t h e  whole prctcess 
t h a t  you can let  t h e  p l a t e s  sit i n  t h e  e x t r a c t i o n  sol .u t ion 
as long  as you need t o  make s u r e  that you've g o t  cornyblete 
e x t r a e t i u n .  
And as I stress, %awards t h e  end o f  t h e  e x t r a c t i o n  
p roces s  you a r e  exposing more and more of the n i c k e l  s u b s t r a t e  
and co r ros ion  of t h e  plaque i s  a l o t  mare l i k e l y ,  
The o t h e r  t h ing  t h a t  w e  do i n  c a r r y i n g  o u t  t h e  
a n a l y s i s  i s  t h a t  w e  d o n ' t  r e l y  just on weight  loss of t h e  
n i c k e l  p l a t e  i n  e x t r a c t i o n .  We 've a c t u a l l y  been de ta :min ing  
the n i c k e l  i n  s o l u t i o n  wi th  d i m e  t hy1  cjlyoxime. 
(S l ide .  ) 
These are some of t h e  t y p i c a l  r e s u l t s  -- we:Ll, no, 
t h e y ' r e  n o t  t y p i c a l .  These are s e l e c t e d  r e s u l t s  t o  clt?mon- 
s t r a t e c o n e  o r  two p o i n t s .  F i r s t  of a l l ,  l e t ' s  s t a r t  w i th  the 
r igh thand  column a s  t o  what these p l a t e s  a r e .  
Green p l a t e s  a r e  immediately a f t e r  t h e  impregnation 
process  wi thout  format ion,  w i thou t  cyc l ing .  And i f  wtt make 
a comparison between a n a l y s i s  of a green p l a t e  w i t h  potential 
c o n t r o l  and wi thou t ,  i n  f a c t  w e  see t h a t  there i s  n o t  t o o  
much of  a d i f f e r e n c e  between t h e s e  two ana lyses .  
For t h e  green p l a t e  it appears  t h a t  there is; 
enough p r o t e c t i o n  of t h e  s u b s t r a t e  w i t h  t h e  a c t i v e  mat ier ia l  
t o  p reven t  too much co r ros ion .  This  i s  t h e  weight  be fo re  
e x t r a c t i o n .  This  i s  t h e  weight of the pl.aque a f t e r  e x t r a c t i o n .  
And w e  can compare t h i s  w i t h  the weight o f  t h e  plaque p e r  
u n i t  area p r i o r  t o  impregnation.  
For these p a r t i c u l a r  p l a t e s  t hey  were c a r r i e d  o u t  
ieporlers, Inc. 11 
25 I1 d i f f e r e n c e  i n  weight that you see between t h e s e  t w o  r e p r e s e n t s  I 
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1 i n  t h e  presence  of n i t r i c  ac id .  There was some co r ros ion  











































































































































































































































c o r r o s i o n  o f  t h e  s u b s t r a t e  t h a t  h a s  o c c u r r e d  d u r i n g  impreg- 
n a t i o n .  
I f  you look a t  t h e  w e i g h t  l o s s  on e x t r a c t . i o n  .and 
t h e  n i c k e l  hydroxide  by a n a l y s i s ,  this comes o u t  very n i c e l y ,  
v e r y  good agreement .  The d i f f e r e n c e  i n  t h e  w e i g h t  loss can 
be accoun ted  f o r  i n  terms o f  t h e  d i f f e r e n t  amount o f  w a t e r  
i n  t h e  a c t i v e  m a t e r i a l .  I d o n ' t  t h i n k  we were a t  t h i s  t ime 
t a k i n g  s p e c i a l  p r e c a u t i o n s  t o  make s u r e  t h a t  a l l  t h e s e  p l a t e s  
were d r i e d  i n  i d e n t i c a l  c o n d i t i o n s .  
T h i s  stresses t h e  impor tance  o f  a c t u a l l y  measuring 
the n i c k e l  i n  s o l u t i o n  r a t h e r  t h a n  t a k i n g  the w e i g h t  l o s s  a s  
a g u i d e  to  t h e  p e r c e n t a g e  of n i c k e l  i n  t h e  a c t i v e  m a t m e r i a l .  
I n  t h e  c a s e  o f  2A and 2B w e  are comparing a. 
c y c l e d  p l a t e  i n  t h e  d i s c h a r g e d  s t a t e .  I have t o  mention h e r e ,  
of c o u r s e ,  i f  y o u ' r e  g o i n g  t o  use p o t e n t i a l  c o n t r o l ,  you 
can? . t  do it f o r  a p l a t e  i n  t h e  charged  s t a t e .  S?ullfng 
the  p o t e n t i a l  down t o  p l u s  25 m i l ~ i v o l t s . d i s c h a r g e s  the 
p l a t e  a u t o m a t i c a l l y .  
W e  d o  t h i s  p r i o r  t o  the a n a l y s i s  i n  f a c t ,  so t h i s  
is a c y c l e d  p l a t e  i n  t h e  d i s c h a r g e  s t a t e  a n d a  comparison with 
the g r e e n  p l a t e .  Now i n  t h i s  case t h e  p l a t e s  a r e  p r e p a r e d  
g i t h o u t  n i t r i c  a c i d  i n  t h e  impregna t ion  s o l u t i o n .  
And under these conditions one sees very l i t t l e  
2 o r r o s i o n  o f  t h e  substrate. So  t h e r e  was no  c o r r o s i o n  during 
impregnat ion .  So t h e  d i f f e r e n c e  w e  see between t h i s  f i g u r e  
and t h i s  f i g u r e  . r e p r e s e n t s  the amount o f  co r ros ion  of the I 
11 d u r i n g . e x t r a c t i o n .  I n  t h e  c a s e  of 2B w e  expe rc i sed  p o t e n t i a l  
:' 
3 
c o n t r o l .  W e  see the q u i t e  s i g n i f i c a n t  d i f f e r e n c e ,  something 
s u b s t r a t e  du r ing  t h e  a n a l y s i s .  
I n  t h e  case of 2A t h e r e  was no p o t e n t i a l  c o n t r o l  
l i k e  6 o r  7 p e r c e n t  between t h e  weight p e r  u n i t  a r e a  of t h e  
plaque when t h e  a n a l y s i s  i s  c a r r i e d  o u t  under p o t e n t i a l  con- 
t r o l  f o r  t h e s e  two p l a t e s .  
Th i s  is  r e f l e c t e d  i n  t h e  d i f f e r e n c e  i n  t h e  amount 
o f  nickel t h a t  you see too.  The c o r r o s i o n  o f  t h e  p l a t e  i s  
c o n t r i b u t e d  t o  t h e  amount of  n i c k e l  i n  t h e  s o l u t i o n .  I n  
t h i s  case you see a l a r g e r  f i g u r e  f o r  n i c k e l ,  as determined 
wi th  t h e  dimethyl  glyoxime.. 
I n  t h e  c a s e  of 3A and 3B t h i s  i s  an example of  
what can be achieved i f  you use p o t e n t i a l  c o n t r o l  f o r  the 
c y c l e  p l a t e  i n  t h e  d i scharged  s t a t e .  I should  go back and I 
e x p l a i n  why t h e  c y c l e d p l a t e  is much more d i f f i c u l t  t o  handle  
than  t h e  green p l a t e .  I 
T h i s  is  because on d i scha rge  you never  g e t  t h e  I 
n i c k e l  va lence  back t o  t w o ,  s o  you always end up with some 
material i n  an ox id i zed  s t a t e  i n  t h e  a c t i v e  m a t e r i a l .  And 
22 it is  t h e  e l e c t r o - r e d u c t i o n  of  t h i s  m a t e r i a l  t h a t  couples  ll 
2 3  , w i t h  the nickel d i s s o l u t i o n  process that is the corrosion I! 
24 
, I  Reporters, I I I C .  
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i s  probably, p r o t e c t e d  by a f i l m  of n i c k e l  hydroxide which 
i s  n o t  a good conductor.  So you end up wi th  p o s i t i v e  a c t i v e  
m a t e r i a l  i n  t h e  charged s t a t e  t h a t  i s  complete ly  encapsu la ted  
as it were wi th  d i scharged  m a t e r i a l .  
But then  i n  t h e  a n a l y s i s  of t h i s  p l a t e  you begin 
t o  d i s s o l v e  out t h e ' n i c k e l  hydroxid-e and you make a v a i l a b l e  
t h a t  m a t e r i a l  i n  t h e  charged s t a t e .  This  is t h e  m a t e r i a l  
t h a t  is  reduced t o  compliment t h e  anodic  d i s s o l u t i o n  of 
n i c k e l  from t h e  plaque.  So t h a t  i n  comparing 3A and 3 B  w e  
a r e  comparing t h e  c y c l e  p l a t e  i n  t h e  d i scharged  s ta te  now 
under p o t e n t i a l  c o n t r o l ,  
And a g a i n  t h e s e  p l a t e s  w e r e  prepared wi thou t  n i t r i c  
s c id  i n  t h e  impregnation s n l u t i o n .  So now w e  see much b e t t e r  
lgreement between t h e  plaque weights  a f t e r  e x t r a c t i o n  3s  
less than  probably one o r  two pe rcen t  e r r o r  i n  t h e  plaque 
s e i g h t s  per u n i t  a r e a  a f t e r  e x t r a c t i o n  i n  t h i s  c a s e  coinpared 
:o something over  s i x  p e r c e n t  i n  t h e  prev ious  example. 
Again, t h e r e  is good agreement between t h e  f i g u r e s  
,b ta ined f o r  t h e  q u a n t i t y  of n i c k e l  i n  t h e  a c t i v e  m a t e r i a l .  
And a l l  I wanted t o  b r i n g  o u t  i n  t h e  c a s e  of 
IA and 4B is t h a t  weight  g a i n  is n o t  n e c e s s a r i l y  a good gu ide  
:o t h e  amount of a c t i v e  material .  t h a t  you've depos i t ed  i n  
;he p l a t e .  Theser were weights i n  the greenstate, I micyht add, 
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But if YOU compare 
amount of n i c k e l  i n  t h e r e ,  there i s  q u i t e  a s i g n i f i c a n t  
d i f f e r e n c e  because of t h e  g r e a t e r  water con ten t  i n  t h e  case 
of sample 4B. 
X doh ' t  p u t  too much emphasis on t h e  a c t u a l  va lues  
fo r  t h e  water c ~ n t e n t  h e r e  because p a r t i c u a r l y  f o r  t h e  
cycled p l a t e s  you a l s o  have some potassium i n  t h e  a c t i v e  
ma te r i a l .  And un le s s  you determine how much potassium i s  
t h e r e  you can ' t determine q ; l an t i t a t i ve ly  how much water  you 
have in t h e  a c t i v e  m a t e r i a l .  
So e s s e n t i a l l y  what w e  g o t  o u t  o f  t h i s  meth.od i s  
by p o t e n t i a l  s tudy  c o n t r o l  you can analyze t h e  p l a t e  i n  t h e  
discharged s t a t e  t o  t e l l  you e x a c t l y  how much a c t i v e  m a t e r i a l  
you've g o t  t h e r e  and how it i s  d i s t r i b u t e d  i n  a p l a t e ,  i f  
you c a r r y  o u t  a n  a n a l y s i s  on s e v e r a l  p a r t s .  
A s  f a r  as u t i l i z a t i o n  is  concerned, w e  need some 
more informat ion.  We now know t h e  amount of  a c t i v e  raterial 
t h e r e ,  b u t  we d o n ' t  know how much of  i t  i s  cyc l ing .  Poss ib ly  
thia i s n ' t  as big a problem wi th  t h e  p o s i t i v e  as t h e  n e g a t i v e ,  
3ut it would be i n t e r e s t i n g  t o  t r y  and d e f i n e  what it is. 
I n  o r d e r  t o  do t h i s  w e  r e a l l y  need t o  determine t h e  
s to i ch iome t ry  of ba th  t h e  charged and t h e  d i scharged  s t a t e .  
h d  I ' m  of t h e  opinion a t  t h i s  t i m e  t h a t  w e  s t i l l  can't 
mswer t h i s  ques t ion  co~npletely .
But l e t  mc give same i n d i c a t i o n  of haw f a r  I think 
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determinqtion of t h e  s t a t e  of charge as  t h e  equivalent: a c t i v e  
oxygen content  using potassium iodide, l i b e r a t i n g  iod:ine 
and t i t r a t i n g  iodine  with t h i o s u l f a t o .  
There a r e  o t h e r  methods of doing t h i s .  And there 
a r e  some very e legan t  methods descr ibed i n  t h e  l i t e r a t u r e .  
But most of them, a s  f a r  as I can see, demand washing and 
drying of t h e  p l a t e s  before you c a r r y  out t h e  analysir3. 
And i n  t h e  case of p l a t e s  t h a t  a r e  charged, f u l l y  
charged or  overcharged, t h i s  immediately g ives  you an e r r o r .  
As soon as you wash and d r y  t h e  p l a t e  t h e  self-discha:rge 
procdss i s  r a p i d  enough t o  g ive  you a s i g n i f i c a n t  l o s s  of 
equiua lent  a c t i v e  oxygen content .  
So I d ismiss  immediately any method t h a t  r e q u i r e s  
washing and drying. I th ink  it: is  poss ib le  t h a t  youl:can use 
some of t h e s e  methods a t  a low s l a t e  of  charge,  say  up t o  
50 pe rcen t  s t a t e  of charge for  t h e  p o s i t i v e  e l e c t r o d e .  B u t  
as soon as you try to measure something realistic, because 
w e  u sua l ly  want t o  use a l l  of tho  capac i ty  t h a t ' s  a v a i l a b l e  
i n  t h e  e l e c t r o d e s ,  you run  i n t o  trouble. 
When we s t a r t e d  o u t  we were g e t t i n g  very low values 
f o r  t h e  a c t i v e  oxygen content  -- and t h i s  f t h ink  was because 
we were washing and dry ing  t h e  p l a t e s .  W e  went from (3  method 
where we were washing and dry ing  t o  one of direct t r a n s f e r  
i n t o  the iodide  soaQtion. 
( S l i d e ,  ) 
Thi s  i n d i c a t e s  t h e  d i f f e r e n c e  t h a t  you see f o r  
two samples t h a t  are vashed and dried! and d i r e c t  tl'ansferred. 
> 
The a c t i v e  oxygen content khrns nut here. W e  . c a l z u l a t e d  
t h e  apparen t  n i c k e l  va lence  from t h e  a c t i v e  oxygen. And 
you can see t h a t  by d i r e c t  t r a n s f e r  you do make a s i13nif ic&t  
d i f f e r e n c e  i n  t h s  f i g u r e  you g e t  fa r  the a c t i v e  oxygen and 
f o r  t h e  apparent valence of  the charged s ta te .  
These figures are s t i l l  quite low I t h i n k .  So 
t h e  f i r s t  in~provement i s  one of n o t  washing and d ry ing  t h e  
p l a t e s  p r i o r  t o  a n a l y s i s .  Now w e  s t i l l  have a c o r r o s i o n  
problem i n  t h i s  a n a l y s i s  too. 
The i n t e r a c t i o n  o f  t h e  a c t i v e  m a t e r i a l  to g e n e r a t e  
i o d i n e  in s o l u t i o n  ,or 13- i o n s ,  what S t  means i : s  t h a t  
w e  now have an e l e c t r o - r e d u c i b l e  s p e c i e s  in s o l u t i ~ n , ~  one 
that can complement t h i s  anodic  corrosion of the n i c k e l  plaque 
xuite eas i ly .  
The p l a t e  i s  s i t t i n g  a t  a h igh  p o s i t i v e  pot :ent ia l ,  
t'he potass ium i o d i d e  i s  capable  of complexing n i c k e l  2 t o  
;om@ e x t e n t ,  s u f f i c i e n t  I t h i n k  t o  d i s s o l v e  any p a s s i v e  E i h .  
So immediately you have a nice coupl ing  between t h e  i o d i n e  
tnd s o l u t i o n ,  t h e  I ~ -  i o n s ,  and t h e  n i c k e l  plaque.  And 
rou get s i g n i f i c a n t  c o r r o s i o n  of t h e  n i c k e l  plaque. 
We found t h a t  i f  wc e x m i n e d  t h e  apparent active 
jxggen c o n t e n t  as a function of  e x t r a c t i o n  time, it f i r s t  
show a s l i g h t  i n c r c a s c ,  of cou~:so, for  t h e  first two hours. 
And then over  t h e  nex t  24 hours  it fell off quite r a p i d l y  
u n t i l  you ended up w i t h  almost  nothing.  
And you do need quite long c o n t a c t  t i m e s  t o  do 
a reasonably accurate a n a l y s i s ,  Contact t ime needs t o  be 
about  six or seven hours.  Well, t h e r e ' s  a very n i c e  way of 
g e t t i n g  around this p a r t i c u l a r  problem which appears  i n  a 
. 
paper  by Har iva l ,  b u t  i n  French, s o  maybe some people  are 
n o t  f a m i l i a r  w i th  it. 1-t i s  very ' s i m p l e .  Instead of  
accumulating the 13- i n  so lu t i ,on  you add t h i o s u l f a t e  
a t  r e g u l a r  i n t e r v a l s  du r ing  t h e  c o n t a c t  time. In our case 
t h i s  was about  every  1 5  minutes.  You wait u n t i l  you see a 
pale s t r a w  c o l o r  of the i o d i n e  appear and t h e n  you promptly 
p u t  i n  ano the r  measured amount of t h i o s u l f a t e ,  ano tbs r  f i v e  
and fo l low t h e  process r i g h t  t l ~ r s u g l l  t o  t h e  end u n t i l  
the times get longer  and longe r  and U n t i l  t h e r e  i s  very 
l i t t l e  risk towards the end and you can add your starch and 
get t h e  exact end  p o i n t  f o r  a proper  t i t r a t i o n .  
So us ing  'Harival ' s t echnique  of sirnultanelzms 
a d d i t i o n  of t h i o s u l f a t e ,  I thinlc you can get r i d  of ,the 
corrosion problem as it relates t o  coup1.ing with x3-- 
i n  t h e  s o l u t i o n .  
( S l i d e . )  
Using t h i s  mrjthod, rrow us ing  cihrcct t r a n s f e r  and 

























apparent n i c k e l  valence up a s  high as 3.1, depending a n  t h e  
degree of overcharge, up t o  100 percent  overcharge I think 
you have j u s t  about approached a n i c k e l  valence of 3, There- 
a f t e r ,  t h e  overcharge doesn' t make a l l  t h a t  much d i f f  srence. 
Now t h i s  figure is s t i l l  somewhat unsa t i s fac to ry .  
And although it i s  b igger  than any o the r  f i g u r e  I ' v e  found 
f o r  a c t u a l  a n a l y s i s  of  n i c k e l  p l a t e s  i n  t h e  l i t e r a t u r e ,  
t h e r e  a r e  f i g u r e s  for the simple oxides analyzed by 
themselves, bu t  a s  f a r  a s  p l a t e s  a r e  concerned, I haven ' t  
seen any f i g u r e s  bigger  than 3.13. 
I f  you then compare t h i s  with t h e  c a p a c i t i e s  as 
measured f o r  these  p l a t e s  and a l s o  t ake  i n t o  account that 
we c a r r i e d  ou t  analyses  i n  t h e  discharged s t a t e d ,  I have a 
l o t  more confidence i n  t h e s e  results because now you d o n ' t  
have any a c t i v e  m a t e r i a l  i n  t h e  charged s t a t e  t o  couple with 
t h e  n i c k e l  plaque t o  g ive  you corrosion.  
If you use Harival's- method, you can get a good 
value f o r  the  apparent  n i c k e l  valence in l thc i  discharged 
s t a t e .  And as you can s e e ,  it depends on some degree of 
overdischarge t o  get now to the normally recorded f i g u r e s  
of 2.2. 
This  might be r e l a t e d  i n  some way t o  h y s t e r e s i s .  
We were discharging relatively rapid lg ,and maybe i f  t h e  
p l a t e s  were allowed t o  s i t :  fox a while  %re would see t h i s  
2.2 f i g u r e  spsntaneous2y. 
charged s t a t e  from t a k i n g  2.2 and one-e lec t ron  t r a n s f e r  f o r  i I j 
t h e  t o t a l  p rocess ,  you come up wi th  t h e  conc lus ion  t h a t  
t h i s  f i g u r e  of 3.13 is  s t i l l  2 3  p e r c e n t  t o o  low. 
I n  o t h e r  words, t h e r e  are s t i l l  l o s s e s  of  a c t i v e  1 t 
! 
oxygen a s s o c i a t e d  with t h i s  method of a n a l y s i s  t h a t  w e  i I 
! I/ haven ' t  accounted for. So  a de t e rmina t ion  of t h e  state o f  
i 
charge, d e f i n i n g  the s t a t e  of charge i n  an ovcrcharqed plate, 
i s  s t i l l  something t h a t  you c a n ' t  r e a l l y  a t t a i n .  ! 
I t h i n k  t h e  b e s t  w e  can d e f i n e  f o r  t h e  p o s i t i v e  
p l a t e  a t  the moment i s  a reasonably  a c c u r a t e  a n a l y s i s  of  
the state of charge i n  t h e  d i scha rge  s tate.  And w e  can say 
very d e f i n i t e l y  t h a t  t h e  charged m a t e r i a l  t h a t  i s n ' t .  d i s -  - 
charged i s  n o t  cyc l ing .  
What w e  c a n ' t  d e f i n e  is how much n i c k e l  i~ t h e  
d iva l ence  state d o e s n ' t  a c c e p t  charge. So I t h i n k  that's i 
as far as one can go in terms of .  d e f i n i n g  u t i l i z a t i o n  of t h e  
p o s i t i v e  p l a t e .  
I 
s u b s t r a t e  t h a t  what one can see i s  spontaneous s e l f - d i s c h a r g e  
o f  t h e  a c t i v e  m a t e r i a l  coupled w i t h  t he  anodic  process of 
co r ros ion  of  ' t h e  ' n i cke l .  
I 
I n  other words, some of t h e  active material t h a t  
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h d l  coupl ing w i t h - a  n i c k e l  m e t a l  t o  n i c k e l  2 p l u s ,  occur ing  
i n  s o l u t i o n  a t  t h e  same t i m e .  
So t h e  f i g u r e  y ~ u  see for a c t i v e  oxygen a l n o s t  
i n e v i t a b l y  must t u r n  o u t  t o o  low. I f  anyone has any methods 
o f  determining s ta te  of charge for f u l l y  charged o r  over- 
charged p l a t e s ,  I would very much ' l i k e  t o  hear about  them. 
Thank you. 
(Applause.) 
HALPERT : A r e  t h e r e  any q u e s t i o n s .  or  comments . 
MAUmR: The f i r s t  comment i s  t h a t  one way t o  
determine t h e  s t a t e  of  charge of a p l a t e  i s ,  of course ,  t o  
p u t  it i n  KOH and connect  it across %he r e s i s t o r .  I t  works /. 
e f f i c i e n t l y  i n  p r a c t i c e .  
But McArthur showed a few y e a r s  ago i n  a pE!per 
he p re sen ted  t h a t  the discharge r e a c t i o n  i s  pro ton  l imi t ed .  
Theke $.s proton diffusion i n  the active m a t e r i a l  w h i c h  i s  a 
rate l i m i t i n g  s tep ,  
This  occurs  when a p o t e n t i a l  of  t h e  e lect rocle  
f a l l s  below i t s  p l a t e a u  vo l t age .  I f  you go through t h e  
s t anda rd  d i f f u s i o n  equa t ions  you find t h e  voltage o f  1:he 
e l e c t r o d e  then should EolLow d i f f u s i o n - l i m i t e d  curve.  
A p l o t  of t h i s  v o l t a g e ,  l o g  of t h e  v o l t a g e  versus 
t i m e ,  w i l l  g i v e  you  a series of s t r a i g h t  line segments t h a t  
f a l l  En tl1c proper r a t i o  s f  1 t o  9 to 27.  
The p o i n t  i s  t h a t  t h e  e l e c t r o d e  must he d i~ rcha rged  
for a very long time i n  t h e  a h o ~ t c d ~  state to completely 
discharge it. The protons a r e  diffusing a t  a very low r a t e  
now because they occupy l a t t i c e ,  ' sites t h a t  a r e  nea r ly  
completely f i l l e d .  
So d i f f u s i o n  r a t e s  a r e  very low, and t i m e s  of 
the  o rde r  of weeks are requi red  t o  g e t  these d i f fus ion  
cur ren t s  down below let's say t h e  microamp region i n  an 
e l ec t rode  that  i s  of t h e  order  of a h a l f  ampere hour i n  size, 
So t h i s  can account f o r  the apparent valence being 2.2 i n -  
s t ead  of 2.0. 
PARRY: I should have chosen my words more &are- 
f u l l y ,  I meant something o t h e r  than discharging  t o  determine 
t h e  s t a t e  of charge. 
I th ink  one needs t h e  a l t e r n a t i v e  process  j.n order 
t o  be a b l e  t o  d e f i n e  how muck of t h e  a c t i v e  m a t e r i a l  is 
cycled. 
FLEISCHER: ' NO'; matter how low a ra te  you 510 t o  
i n . d i s c h a r g i n g  a s i n t e r e d  p l a t e ,  I doubt i f  you would have 
t h e  pa t i ence  t o  discharge it and get a green n i c k e l  hydroxide. 
You w i l l  always have a black p l a t e  left a t  any r a t e  wliiah 
would be considered a s  p r a c t i c a l  t o  do t h e  experiment. 
I I once took a plate t h a t  had been discharged and 
I 1 allowed i t  t o  stand i n  alkali, and it took just about one 
I 
I 
1 year for the Blae l r  nickel to df~icharge cornplotc2S.y 2nd to 
get a green plate, 
r a l  Fepotws, Inc 
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So I . th ink one of the problems he re  i s  t h a t  w e  
have i s o l a t e d  n i c k e l i c  hydroxide or  c o b a l t i c  hydroxicle, 
dhich i s  f a r  more s t a b l e  than n i c k e l i c  hydroxide. . 
The o t h e r  p o i n t  that I wanted t o  b r i n g  up was j u s t  
to  mention about Muspratt  s o l u t i o n .  When I was looking f o r  
a method of determining cadmiurn, I r e c a l l  t h a t  cadmium 
hydroxide might be  s o l u b l e  l i k e  zinct- hydroxide o r  z i n c  
oxide. And I recall r ead ing  a paper years before that i n  
t h e  ~oaucnalof t h e  Ceramic Society which s a i d  t h a t  z i n c  
oxide could  be  determined i n  z i n c  d u s t  by e x t r a c t i n g  with 
Muspxatt s o l u t i o n  which c o n s i s t e d  of ammoniyn c h l o r i d e  and 
ammonium hydroxide.  
But I was never  a b l e  t o  l o c a t e  t h e  e x a c t  reference, 
having gone through a l l  of Muspra t t ' s  encyc lopedia  and any- 
t h i n g  t h a t  r e f e r r e d  t o  Muspratt.  So the name o f  Musprat t  
was j u s t  g iven  because I remembered t h a t  t h a t  was w h a t  it 
had been named. 
PARRY: I must confes s  t h a t  my i n d o c t r i n ~ ~ t i o n  
i n  t h i s  came from .Dr .  F l e i skhe r .  
(Laughter.  ) 
GROSS : John,  one minor p o i n t  on your' lmeck~anical 
t e s t .  This  test has  been developed by m a t e r i a l s  eng inee r s  
f o r  measuring the stress of b r i t t l e  m a t e r i a l s  l i k e  qlasses. 
And t h e  reason  t h a t  it was developed was because thc!y wanted 
t o  a c t u a l l y  be able  =LQ c a l c u l a t e  the stress a t  the i,urfzice 
when t h e  material broke. 
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know what t h e  stress i s .  ~ u t  if you want t o  compare plaques 
from d i f f e r e n t  manufacturers which might be of different 
th icknesses  and different s t r u c t u g e p  then  I th ink  it would . 
be wise t o  ca r ry  t h e  c a l c u l a t i o n  out t o  the end and z.ctually 
calculate the su r face  s t r e s s .  So we can then g e t  a c:ompa~i.son 
of different plaques. 
P A ~ R Y :  Well, t h i s  we have done. It  has been done. 
It has been completely analyzed. T h i s  work was done by one 
of our materials people a t  Tyeo. And we have gone through 
t h e  complete a n a l y s i s  t o  get a final f i g u r e ,  you k n a ~ ,  i n  
kilbgrams per centimanter squared. I t ' s  n o t  a qua1il:ative 
One p o i n t  I forgot ta put in earlierp if anyone 
is i n h e r e s t e d  i n  that dev ice ,  X do Rave a few drawiac3s w i t h  
HALPERT: Thank you, aohn. 
I might mention t h a t  we've done. some work using t h e  
L i  mechanical s t r e n g t h  test as w e l l  and have found it works 
q u i t e  well even'lookbng a% plaques and p l a t e s  of t h e  same 
manufacturer, because they s t i l l  d i f f e r .  I n  Looking for 
al though it is a destruc:.@ivc t c s t ,  
I might a l a u  rnontion t h e  fact that  this i s  s e n s i t f v  
- 1  
I! 
h i s t o r i c a l  r eco rd  on t h e  Muspratt  s o l u t i o n  i n  n o t e s ,  so now 
w e  all know where it came from. 
Our nex t  speaker  t h i s  morning i s  from Comsal; * 
t o  t h e  s u b s t r a t e -  being r e l a t i v e l y  placed i n  the  center5.  
I f  it i s  c l o s e r  t o  one s i d e ,  then  y o u ' l l  always have t:o 
measure it wi th  t h e  same s i d e  down, when youre trying t o  
ti 
Labs where t hey 've  been doing q u i t e  a  b i t  of  work on i t x t r ac t ion  
o f  t h e  n e g a t i v e  p l a t e  - 
Jim Dunlop has done q u i t e  a b i t  o f  work i n  t h a t  
do the cracking and s tres s ing .  9 
W e  thank you, D r .  
l 2  1 a .  And 1 would. like t o  p r e s e n t  him now. 
DUNL;OPl 1 I t ; h ~ k  D r .  P a r r y  for his presenta1:ion 
t h i s  morning s i n c e  it covered about  50 p e r c e n t  o f  whai: w e  
were going t o  say.  
For the r eco rd ,  w e  have i n  t h e  p a s t  two years 
been involved i n  t h e  I n t e l s a t  I V  program and through .:his 
program have bee11 looking  a t  methods f o r  ana lyz ing  n i c k e l  
cadmium c e l h  that w e  have r ece ived  f o r  use i n  t h i s  p:cogram. 
Now we've done a cons ide rab le  amount of  elc?ctrical 
performance t e s t i n g ,  Hughes A i r c r a f t  and GE has a l s o  done 
22 11 a cons ide rab le  amount of  e l e c t r i c a l  t e s t i n g .  I 
I/ 23 These include a r e a s  s u c l ~  as acceptance t e s t i n g ,  I! 
accelerated t e s t i n g ,  eclipse operation, s torage and 
tcporters, In:. 
r econd i t i on ing .  One s f  the th ings  that wo have faced in t h e  
get  a complete p i c t u r e  o f  what i s  a c t u a l l y  ga ing  on i n  t h a t  
cell. 
I t  i s  i n t e r e s t i n g  t o  do this a t  d i f f e r e n t  steps i n  
















and a c c e l e r a t e d  tes t  you can compare y o u r . r c s u l t s  as you go 
a long  t o  t r y  and find o u t  what i s  taking p l a c e  w i t h  t i m e  i n  
I Rei,octets, lrc. !! t 
25i ' the c e l l  we1re c y c l i n g  for stoxage or r econd i t i on ing ,  ct cetera ' I " i 
I i 
course  o f  looking a t  t h e  e l e c t r i c a l  p e r f a m a n c e  data is 
t h a t  w e  d o n ' t  r e a l l y  have a complete s tory.  I t h i n k  nany of 1 
you who have been involved i n  a p r o g r m ,  an aerospace program, 
know what I'm t a l k i n ?  about hetc, where y o u ' l l  see a spread 
of  d a t a  when y o u ' r e  making e l e c t r i c a l  perfo'bmance measurements, 
And you ' r e  n o t  s u r e  j u s t  what it means. You d o n ' t  know 
whether it i s  something you d id  o r  whether it i s  someth.ing 
I .  8 ! t h e  b a t t e r y  manufacturer  d i d  o r  j u s t  what i s  causing the 
! 
I 
sp read  ' tha t  y o u ' r e  s e e i n g  i n  your measurements. 
So what you would l i k e  t o  do i s  have a procedure  
where you could  somehow or o t h e r  get a complete p i c t u r e  of  
what i s  t a k i n g  p l a c e  i n s i d e  t h i s  cel l .  And t h i s  is  what we 
have t r i e d  t o  do. And I am going t o  describe b r i e f l y  t h i s  - 
i 
morning t h e  program that w e  have evolved from our  I n t e l s a t  
XV tes t  program. 
The program that w e  have evolved i s  a method 
of o b t a i n i n g  both t h e  electr ical  performance and alsc the 
chemical  a n a l y s i s  and t r y i n g  t o  c o r r e l a t e  these  r e s u l t s  t o  
W e  a r e  a c t u a l l y  going t o  make a more complete 
2 1 presentq t ion  of the r e s u l t s  of our program probably sometime 3 1 1  next year i n  conjunction w i t h  the  people a t  Hughes iircraft 
we have been a s s i s t e d  by a number of people inc luding  D r .  11 
5 
711 Fle i scher ,  some people a t  Wright-Patterson ~ i r  Force Base and 
and maybe GE. 
I n  doing t h e  chemical ana lys i s  f o r  these  c e l l s  
I am going t o  have Kurt Van Ommering who i : s  working 
8 
9 
B a t t e l l e ,  people here a t  NASA-Goddard, people a t  GE. And 
w e  have used ~ y c o ' s  work a s  w e l l .  
1 4  d a t a  t h a t  w e  have from this program to show t h e  k i n d w f  ll 
1 1  
1.2 
1 3  
*5 11 v a r i a t i o n  i n  e l e c t r i c a l  performance measurements t h a t  you 
' i n  o u r  l a b s  a c t u a l l y  go through t h e  procedures t h a t  we've 
used f o r  t h e  chemical ana lys i s .  
Before I do t h i s  I would l i k e  b r i e f l y  t o  use some 
16 w i l l  normally s e e  i n  a test program. I/ 
F i r s t  graph, please,  Marty? 
(Slide. ) 
lPli I might apologize a b i t  f o r  t h i s  graph i f  you 
2:3 11 What I a m  showing here is a number of cells on 
20 
2 i  
221 
have d i f f i c u l t y  see ing  it, w e  purposely intended it t h a t  way 
s i n c e  GE i s  i n  t h e  audience. 
(Laughter. ) 
~ i ' / t h e  ve r t i ca l .  ax i s .  Pad then the h o r i z o n t a l  here is the t imo  * Ii 
R ~ p ~ ~ t t e r s ,  Inc. I/ 
25 \to discharge a t  a C/2 rate going from 1 2 0  minutes o u t  t o  1 8 0  
minutes. F i r s t  I would lik'e t o  point  out t h a t  a l l  t h e s e  
cells exceed 120 minutes which i s  at-, the C/2 rate t h e  r a t e d  
capac i ty  f o r  t h e  c e l l .  But you w i l l  n o t i c e  t h a t  t h e r e  i s  a 
l a r g e  sp read  i n  t h e  d a t a ,  
The numbers he re  correspond t o  d i f f e r e n t  l o t  n m b e r s .  
YOG v i l l ,  see l o t  one c e l l s  i n  this ranqe ,  l o t  two c e l l s ,  t h r e e  
c e l l s ,  f o u r  cells and s o  f o r t h .  
The spread is from somewhere h e r e  at 120 minutes 
o u t  to 'beyond 180 minutes ,  which i s  a cons ide rab le  sp read  
i n  t h e  c a p a c i t y  f o r  t h e  i n d i v i d u a l  c e l l s .  
( S l i d e . )  
J u s t  a s i m i l a r  type  of curve where w e  are pre- 
s e n t i n g  i n  the t o p  graph he re  v a r i a t i o n  i n  c e l l  c a p a c i t y  
f o r  a d i scha rge ,  f i n a l  d i s cha rge  b e f o r e  t h e  c e l l  w a s  s e a l e d  1 
I 
o f f .  And aga in  you will n o t i c e  a cons ide rab le  spread  i n  
the data. The numbers here aga in  correspond t o  cells from I 
di f ferent  l o t  numbers. I 
 DO^ h e r e  i s  t h e  data taken on t h e  f i r s t  recon- 
d i t i o l i i n g  c y c l e  f o r  t h e  ce1, ls  r ece ived  a t  Cornsat. And he re  
t hey  a r e  better grouped wi th  a few cells break ing  o u t .  
(S l ide .  ) 
T h i s  i s  t h e  same kind of data aga in ,  except he re  i n  
the bottom slide we' re  showing t h e  c a p a c i t y  measuremsnts 
a f t e r  30 c y c l e s  a t  roam temperature  or  25aC. 'I want t o  p i n t  
out here that t h e  cel ls  f o r  lot six arz very well g r ~ u p e d  

2 
around 1 6 5  t o  170 m i n u t e s .  I 
The l o t  f o u r  celbs a re  groupi?~? 8 3.j ttle b:lt  lower. 1 I 
i 
4 1  
I/ 6 from this same l o t  to make up the b a t t e r y  since you s e e i n  I I 
1 And there i s  a sma t t e r ing  of o ther  cel ls  here. 
One p o i n t  t o  bring o u t  i n  *{:hi-..; grnpli is tha t  ' if. you 
5 are making a battery it might  be wor thwhi le  'co use (:ells 
7 
I do  no t  want t o  dwe l l  on  the data here. I 




" I merely picked some d a t a  t o  nmke a j>oj.irt here t h a t  if' you 
from the same l o t .  
I f  I could have t h e  J . iy i~  t:: X ~ O W ,  please. 
'* 11 j u s t  take e l e c t r i c a l  d a t a  you can yet a --- and you l o o k  at 
l 3  11 it at d i f f e r e n t  periods in t i ~ n e  -- (,hat you can g e t  qu i t e  a 





:!4 / /  bui ld-up with t i m e .  
wi th your charging,  It may be a problem w i t h  your  rrianufacture. 1 
If you want to f i n d  out, then you really need to 
carry your work a little farther and g o  through some kind  
of compl-ete a n a l y s i s  on yaur  cell, md this is what we've 
19 
:20 
2 1  
22 
:!3 
ai Rrporters, l i c .  
:! 5 // X want t o  describe very t l r f c ~ f l y  t o  you the el.ect;ricnl 
done. And t h e  a ~ a l y s i s  t h a t  w e  usc a-Ltempts to determine 
the t o t a l  amount of act ive  material.:; that we have in t h e  
cells,  t h e  amount of active material t h a t  we're u t i l i z i n g ,  
t h e  amount of precharge t h a t  w e  hnvc i.n the cel ls .  And we 
also loolc at the electrolyte t o  det.cxmine the  carbnnate I 
I I :~!llorters, Inc. 
25 
I 
performance measmrcments t :hnt t r c  1-:3kc? ~ r - i l t . l i  W C '  j3~:epiiring I i 
to do this analys is ,  And theit T ' J ~  goi.ng ko .Ice PIP. \an 
Ommering describe the chemical araalycis t h a t  :,we use. 
What we'll r ea l ly  do is t h n i :  w e ' l l  take a cell 
out at  same a tage i n  tl:c. pkayrrtm w11cr.a we decide that- we j 
w a n t  to evaluate t h i n  ce l l  a.nd f i n d  out an much as we can I I 
about it. 
I 
We t h e n  charge this ce l l  a t  a con t ro l l ed  temperature  I 
around 20°C  fo r  16 hours  at a C/10 rate, so tha t  we clharge 
i'i up f u l l y .  We &en d i scha rge  it a t  a ~ / i  rate again at i 
70°F u n t i l  the ce l l  goes to 2ezo v o l t s ,  
We then change our dl.r;cliargn r a k e  to a C/Tt ,  mil 
we continue tnlla diacliarrgo. A t  the t j . m e  t:l,;nt the cell. goes ! 
into reversal, wc punc ture  it w i t h  tho punc tu r ing  dalpice made 1 
here at Goddard. 
We take gas s'mpXes as the ce l l  goes i n t o  reversal. 
and cont inue to run t h e  ce l l  in reversal  u n t i l  we get, down 
to minus a hal f  a v o l t .  A t  that  t i m e  w e  open the ce3.L up 
and we put it in a n i c k s 1  soxhl-et s i m f l c w  to the px-ocedure 
t h a t  was done at B a t t e l l o .  
I ' m  going t . ~  now have Mr. Van Orraoering come! up here 
and describe what we do once wc'vc got the ceJ.1 into this 
I 
soxklet L: want to ~nalce a point; bcfsrc he  does t 1 . d ~  that i ! 
what WC? ' ve n o w  A:.! colilj:~ 2 r:'c~3r y r3F si cf)ai: jrecl f-,irkl: c!:yndes 
tr I 
in this cel l  electri.c;:3.:Ly. Asari r ~ c  ' ve? I;al;r!n gas sai11j2l au ducing ' i 
2 is l i m i t i n g  us  on d i scha rge  once we do go i n t o  reversal. ll 
69 
1 
3 And we've also determined how much, hcpe£ulJ.y, precharged I/ 
the t i m e  we're .in reversal so that; we linot? which electrode 
41) material w e  have i n  cad rn i .~  he re  in t h e  reverse process that's I 
lXH:XXX it VAN O m R r N G :  Well, I don't r e a l l y  have to say 
5 I 
71 too much because as far as the cadmium plate analysis is 11 . I 
usable.  
10 in the n i c k e l  soxhlet fox 4 8  hours  we get the ce l l  out, li I i
8 
9 
take the s o l u t i o n  from the 'soxhlet: ancl d i l u t e  it to a certain / 
f 
concerned we use the same method as D r .  P a r r y  does a t  Tyco. 
B u t  on t h e  electrolyte analysis when w e  have had t h e  cc11  
I known volume. 1 
I i And then we analyze it by t a k i n g  a sample a~ad 1 
t i t r a t i n g  w i t h  h y d r o c h l . a r i c  ac id ,  first t o  an  end p o i n t  of phen-i i 
i 
5 "  o l p h t h a l e i n  i n  which we de te rmine  first the XOH cornpxmd 
I 




A f t e r  w e  have dried it w e  can determine the t o t a l  I 
i 
I and t h e n  ha&: of t h e  carbonate content: and t hen  to a. second 1 
end p o i n t  with methyl v i o l e t  indicators s o  that w e  c3rr 
18 
liweight of t h e  e lectrolyte  as w e l l  as a concen t r a t i on  of t h e  
11 
determine the whole carbonate content.from the weight loss 
of t h e  plate , s t ack  of the cell.. 
;!2 11 KOH. The cadxnium plate, as I s a i d ,  w e  use  tho same p r o c e d u r e  / 
! ;131'as Tyco, so it wouldn't ho too i n t e r e s t i n g  to repeatthe /I 1 i 
I I /I whole t h i n g .  t 
I 
I 
2 g ive  us  unreproducfble  r e s u l t s  e x a c t l y  a s  D r .  Parry po in t ed  II I 
5 some t e c h n i c a l  t r o u b l e ,  so we t hen  went t o  t h e  GE pxBocedure, 1 I1 I 
3 
4 
6 which you would expect to be best for  GE cells.  II I 
out ,  
W e  tr ied to use tX~e;Vyco'plrocedurs. I t  ga.ve us  
(Laughter . ) 
We d i d  it t h e  way Dr. Kroger described it. 
9 F i r s t  we break the extra material and the n i c k e l  s i r . t e r  I1 
10 from the p l a t e s  and then  grind it t o  a f i n e  powder. Next I/ 
1 1  w e  take a sample f r o m  it and put it in acetic acid trfith I/ . . I 
12 added a c e r t a i n  amount of ferrous ammonium.bulphate. . I! The fer- I 
13 ji rous  amrnoniumsulphato i s  p a r t l y  oxidized by t h e  charged I 
ll 14 n i c k e l .  W e  determine then a f t e r  an hour  of reactior . ,  i n  a 
15 elosed v e s s e l  t h e  amount of f e r r o u s  i o n s  by s imple  ' t i t r a t i o n  I1 
16 wi th  potassium permansanate. II 
11 From the amount o f  ferrous Pons we calcula.te t h e  1 8 1 1  amount o f  ferr ic  i o n s  and show the t o t a l  amount of  charged I 
19 n i c k e l .  The t o t a i  active material i n  n i c k e l  p l a t e s  is  a l s o  I1 
20 determined by an e x t r a c t i o n  i n  acetic a c i d .  W e  add hydrazine ll 
that should  p reven t  a l l  t h e  m e t a l l i c  n i c k e l  from I I 
I 
22 going i n t o  t h e  s o l u t i o n .  I/ 
We didn't rea l ly  b v e  too much t i r n e  t o  check it I 
I 
i a l l  o u t ,  i f  really no mata11Ec n i c k e l  i s  going to t h e  ~;oXutf~sa ,  24 1: 
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I can g i v e  you some numbers which are perhaps no t  
to be t r u s t e d  too  w e l l ,  but we Pound for a p l a t e  f r o r ~  a 
d i scharged  cel l  about  - 3  ampere hours of charged n i c k e l  s t i l l  
i n  the p l a t e ,  ~ham;gedi nidk&P f s not usable i n  elect~:s- 
chemical  o p e r a t i o n  of  t h e  cell, 
The total number of ampere hours i n  t h e  plates  
was about 2-1/2 mpere hours. And i f  a l l  the  nunber:; are 
r i g h t ,  it should mean t h a t  w e  can complctely charge (:he I 
whole p l a t e  and n o t  completely d i scha rge  it. W e l l ,  I: t h i n k  
t h a t  is about what J i m  wanted m e  t o  say.  
D ~ L ~ P :  I th ink  what I can do now,i f  we t a k e  t h e  
n e x t  s l i d e ,  i s  summarize how t h i s  looks  then .  
Thank you. Why d o n ' t  you stay r i g h t  here j.n case 
w e  have s o m e  ques t ions .  
( S l i d e  . ) 
What w e  have h e r e  p r e s e n t e d  i n  bar graph j:om 
shows t h e  r e s u l t s  of the a n a l y s i s  on t h r e e  d i f f e r e n t  cells. 
T h i s  p a r t i c u l a r  cell  h e r e  t h e  measurements were made a f t e r  
a 30-cycle burn in. Thi s  p a r t i c u l a r  c e l l  here and h e r e  i s  
after one e c l i p s a  season and a 135-day storage a t  C/45 t r i p l e  
charge r a t e .  
The t o t a l  cadmium is  very uniform, f a i r l y  ~ m i f o r n ,  
i n  t h e s e  c e l l o .  We're f i n d i n g  it witlain p l u s  or minus one 
I 
mpere laours, fhc sane rtr?~sunt of total. cachiw, about. 46 
ampere hours equivalent. 
The amount of cadmium t h a t  we can a c t u a l l y  u se  i s  
211 shdwn a t  t h i s  p o i n t  here .  After ' j tho 30 cyc le s  we arc! a b l e  
/ /  t o  u t i l i z e  -- t h i s  i s  t h e  p a r t  t h a t  w e  c a n ' t  u t i l i z e .  A f t e r  
411 s t o r a g e  and ;econdi t ioning,  t h i s  i s  the part t h a t  w e  can't 
11 u t i l i z e .  So t h a t  yo.; :. ?e wi th  t i m e  t h e  amount of cadmium that 
6 11 we 're n o t  a b l e  t o  u t i l f  zcx  i s  i n c r e a s i n g .  A s  I remember it, 
') 11 And a f t e r  t h e  s i x a g e  and r econd i t i on ing ,  it i s  
7 
8 
" 11 about 70 pe rcen t .  A t  t h e  very beginning i t  i s  around 80 
1 our  u t i l i z a t i o n  after  a ~ o u t  30 c y c l e s  i s  on t h e  o rde r  of 
70 t o  75 pe rcen t .  I 
l ' I i  pe rcen t .  This  is  a k ind  of ' loss  of u t i l i z a t i o n  t h a t  we're 
I1 exper ienc ing  w i t h  t i m e .  Th is  i s  t h e  amount of precharge  
' I1 and a c t u a l l y  seems t o  i n c r e a s e  s l i g h t l y  w i th  t i m e ,  o r  a t  
13 
1 4C 
10 l e a s t  t h a t ' s  t h e  e f f e c t  t h a t  we have on t h e s e  t h r e e  c e l l s .  I/ 
a t  t h i s  l e v e l  here .  
The amount of precharye t h a t  w e  can use  v a r i e s  
7' 11 The t o t a l  amount of precharge i s  t h e  same, I n t  
1 8  t h i s  marked i n  area i s  t h e  amount t h a t  we're a c t u a l l y  a b l e  ll 19 t o  u t i l i z e .  The amount down h e r e  is a  p a r t  of t h e  precharge  II 
20 cadmium or charged cadmium t h a t  w e  a c t u a l l y  cannot  d i s -  Il 
21 charge,  e l e c t r i c a l l y ,  a t  a u s e f u l  rate. I1 
And between h e r e  and h e r e ,  t h i s  i s  a measurt!ment of 
23 
24 
< P F O I ~ C ~ S ,  Iflc. 
25 
1 t h e  p o s i t i v e  c a p a c i t y  i n  t h a t  cell. 
I 
I I th ink  the interesting t h i n g  about  t h e  bar graph 
i s  t h a t  it i s  a good g raph ic  representation of what we're  
able t o  conclude from t h e  combination sf the e l e c t r i c a l  
performance measurements #at we r n ~ ~ e  and t h e  chemical 
analysf s t h a t  we do. 
(Sl ide.  ) 
This g ives  a b r i e f  desc r ip t ion  of some of  the c e l l s  
# a t  we've used i n  t h e  chemical ana lys i s .  I d o n ' t  th ink  I ' l l  
t a l k  too  much about it. 
(Sl ide .  ) 
B r i e f l y ,  they a r e  divided i n t o  three ca te2or ies ,  
before burn-in, a f t e r  burn-in and a f t e r  cycling. There is a 
l o t  of information here.  I th ink  I'll only p o i n t  out. a couple 
of th ings .  The t o t a l  cadmium in ampere hours cheinic;illy 
determined, a s  you can s e e ,  i s  f a i r l y  uniform fo r  a13. t h e  - 
cells. 
The t o t a l  cadmium u t i l i z a t i o n  -- there i s  a v a r i a b l e  
here at t h e  beginning of l i f e .  After t h e  30 cyc les  j.t i s  
quite  constant .  This is an arg~un~nk here for making your 
performance measurements a f te r  30 cycles .  It seems t h a t  you 
g e t  more c o n s i s t e n t  f e s u l t s  a f t e r  you've cycled t h e  ( :e l ls  a 
few times. 
This is  'the u t i l i z a t i o n  after t h e  30 cpele:; and 
a f t e r  the e c l i p s e s  and after the  storage. You w i l l  n o t i c e  
t h a t  t h e  u t i l i z a t i o n  has dropped frsm above 72 or 73 pe rcen t  
down t o  about 70 percent .  
The averago wokcjlrt  of the negat ive  pl;;t;os ;.s shown 
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Tine  o f  Analysis  
As r ece ived  from G.E. 
A f t e r  acceptance t e s t  
(nega t ive  l i m i t e d  eng inee r ing  c e l l )  
A f t e r  a c c e p t m e  *st  
(nega t ive  l i m i t e d )  
A f t e r  30 c y c l e  burn-in t e s t  
(nega t ive  l i m i t e d  be fo re  30 c y c l e  t e s t )  
A f t e r  30 c y c l e  burn-in t e s t  
A f t e r  30 c y c l e  burn-in t e s t  
A f t e r  one e c l i p s e  season and 135 
days o f  t r i c k l e  charge s to rage .  
A f t e r  one e c l i p s e  season and 135 
days of t r i c k l e  charge storarje. 
hero. And t h e  de! ta of  'the negative pl.ates,hwhicla i s t h e  
. . 
v a r i a t i o n  between t h e  xelght  of t h e  llieaviest p l a t e  and 
the l i g h t e s t  p l a t e ,  i s  shown. 
There i s  a v a r i a t i o n  i n  weight between p l a t e s  hem. 
It is around two or three grams. 
I t h i n k  i n  co:.c .usion here w e  would say t h a t  t o  
date we have been able t o  f i n d  that with t he  analysis pro- 
cedure  a that  w e s  re us ing  we do seem t o  be a b l e  t o  g e t  a 
nuch better unders tc  ding f o r  t h e  c e l l  behavior with time. 
one p o i n t  that we w i l l  r e p o r t  i n  o u r  paper n e x t  
y e a r  is t h a t  w i t h  t h e  va r ious  storage and r e c o n d i t i o r ~ i n g  
~ s o c e d u r e s  t h a t  we're now running ,weqre  i n t o  about a y e a r  and 
a h a l f  of t e s t i n g  on t h i s  end we're t a k i n g  cells o u t  about  
every s i x  months from t h i s  program t o  go through an : inalysic.  
And we are f i n d i n g  t h a t  t h e r e  i s  a carbona te  bu / id  
up w i t h  t i m e .  What we' re  looking for i n  t h i s  t i m e  i n c r e m e i t  
t h i n g  i s  what i s  changing fn t h e  cel l  that's going t o  
e v e n t u a l l y  ...I e&d t o  some k ind  of failure. 
And I t h i n k  t h i s  t ype  of a program i s  very u s e f u l  
i n  t h a t  t ype  o f  ar.alysfs. 
I w i l l  aLso p o i n t  o u t  t h a t  t h i s  i s  a d e s t r l i c t  t e s t ,  
s o  t h a t  when you do it you are destroying the cells, And 
it does  take t i m e .  & ~ d '  it daert $&e some quipment .  So , 
I dotlgt exsc t l y  know l i ~ v f  to ~:i~c:cn~mc-nd 'chat you use a progr8-3 
l i k e  this. I want to p o i n t  out; that if you do decids2 to uEe 
a program l i k e  this e i t h e r  i n  your awn f a c i l i t i e s  or :in 
con junc t ion  wi th  somebody else t h a t  it does t ake  some t i m e  
some e f f o r t  and some money t o  do t h i s .  But I do  t h i k c  t h a t  
what you can get o u t  of  a progr'm l i k e  t h i s  can be most 
rewarding. 
And t h a t ' s  it. 
(Applause. ) 
HALPERT: Thank you very much. 
I am s u r e  J i m  and h i s  a s s o c i a t e  would be very  happy 
t o  f i e l d  some- ques t ions .  
REED: Reed from Battel le.  
F i r s t ,  a comment about the Musprat% analysis. Ky 
i n d o c t r i n a t i o n  i s  t h a t  D r .  P a r r y ' s  came from Dr. F l e i s c h e r ,  
b u t  I don't t h ink  it has  been po in ted  out t h i s  morning t h a t  
it is impor t an t  t h a t  t h e s e  e x t r a c t i o n s  be done i n  an  oxygen- 
f r e e  environment. 
I t  i s  my unders tanding  that even t h e  e x t r a c t i o n  
o f  t h e  cadmium hydroxide i n t o  t h e  anmoniwn hydroxide,  ammonium 
c h l o r i d e  s o l u t i o n  should be done, s a y ,  w i t h  n i t r o g e n  be ing  
bubbled through t h e  e x t r a c t i o n  s o l u t i o n  s o  t h a t  you do n o t  
o x i d i z e  a metallic cadmium remaining in t h e  p l a t e .  And, 
fur thermore,  I b e l i e v e  that this$ procedure  o f  bubbl ing  n i t r o -  
gen through t h e  s o l u t i o n  prevent  much o f  t h e  plaque 
o x i d a t i o n  which D r .  P a r r y  resers to. 
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7 8  
t h e  s o l u t i o n  when we ana lyze  t h e  cadmi.unt p l a t e s .  
REED: L thought you probably d i d ,  but t k i s  has not 
been po in ted  o u t  s o  f a r  t h i s  morn ing .  A n d  I d i d n ' t  want 
people  t o  be  mis led.  
Now a ques t ion  about your r e s u l t s .  I t  appears  t o  
m e  t h a t  you should be a b l e  ta  determine from these ana lyses  
a t  v a r i o u s  t i m e s  showing t h e  decrease  i n  the u t i l i z a b l e  
cadmium whether t h e  n o n u t i l i z a b l e  form of cadmium i s  indeed 
m e t a l l i c  cadmium o r  cadmium hydroxide. 
DUNLOP: W e  do.  
REED: What do you f i n d 7  
DUNLOP: W e l l ,  we showed it on t h a t  s l i d e .  
REED: I wasn ' t  a b l e  t o  determine it from t h e  s l i d e .  
DUNLOP: DO YOU Waht a copy? 
REED: Yes. 
DUNLOP: W e  have a couple of cop ie s  of t h a t  b a r  
graph that  w e  would be glad to pass out w h i c h  I t h i n k  w i l l  
suffice here. 
But I think it i s  a  combination of bo th ,  a s  a 
m a t t e r  of fact .  And it does  va ry  w i t h  t i m e .  I n  tkis 
p a r t i c u l a r  ca se ,  i n t e r e s t i n g l y  enough, a t  t h e  b e g i n n i : ~ g  of  
t h e  program we had v a r i a t i o n  -- w e  d i d  a complete electr ical  
d i s c h a r g e  b e f o r e  t h e  a n a l y s i s ,  But we faund t h a t  t'lere w a s  
a s i g n i f i c a n t  amount of metallic cadmium remaining in t h o s e  
plates .  
It tu rns  out t h a t  with cycling we are able! t o  
discharge those p l a t e s  f u r t h e r  w i t h  time. And our Loss i n  
u t i l i z a t i o n  i s  really showing up as discharged cadn:-um. And 
t h e  amount of metallic cadmium i s  ac tua l lydecreas inc~.  
JACOBS: Jacobs, Union-Carbide. 
You mentioned that t h e r e  was a carbonate bui ld-  
up with time. I wasn't  s u r e  I understood. Is t h i s  j u s t  i 
I s to rage  t i m e  on s h e l f  o r  i s  t h i s  with cycl ing. , .  
I DUNLLP: Well, t he  program t h a t  I was r e f e r r i n g  t o  
w e  have four  d i f f e r e n t  real t i m e  tests i n  progress. The 
d i f f e r e n c e  between t h e  four  programs is  that t h e r e  a r e  four  
d i f f e r e n t  s to rage  and recondi t ioning  modes. What wa ' xe doing 
is s imula t ing  real t i m e  t e s t i n g  in t h i s  p r o g r m  where we 
run an e c l i p s e  cycle  using 'tfx v a r i a t i o n  and depth o f  
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25 i' work is on synchronous o r b i t s ,  by the vay. And we arc  l m k i n q  
I i 
I 
rogram w i t h  a l s o  a temperature variation each day. And 






/ mode o r  s to rage  i n  a t r i p l e  charge mode with and without  
recondit ioning.  
JACOBS : Thank you. 
i 
BILLERBECK : Bi l l e rbeck  f r o m  Comsat. 
24 1 1  I j u s t  wanted t o  add one comment these .  A l l  t h i s  I I 
2 1 /  s t o r a g e  i n  t h e  time w e  a r e  n o t  u t i l i z i n g  t h e  b a t t e r y  on I 
78  
11 synchronous o r b i t  . I 
a t  t h e s e  va r ious  modes t o  try and f i n d  an optimum mode f o r  
RYDER: Ryder , Gultan.  I 
You show about 46 ampere hours  for t h e  capac i ty .  I I 
I 6 1 /  Tha t  i s  a measured capac i ty  I assume. I 
DUNLX3P: From t h e  chemical  a n a l y s i s .  
DUNLOP: No. The a c t u a l  electrical capaci,ty a t  i 
1311 nominal cel l  c a p a c i t y  then I t a k e  it i s  what -- about  20 I I 
1 1  
12 
14 /I ampere hours.  
t h e  beginning may be as h igh  as 3 4  t o  38 ampere houxBs. 
RYDER: Okay. Tha t  was really tlae questictn. Your 
l 5  I/ D W Q  P: F i f t e e n .  I t  i.s r a t h e r  i n t e r e s t i n g .  
181i 
any a d d i t i o n a l  data s i n c e  then  t o  i n d i c a t e  whether t h i s  i s  I 
16 
17 
19 11 con t inu ing  wi th  a d d i t i o n a l  c y c l i n g  and/or s t o r a g e ?  I 
RYDER: You showed some d a t a  based on a c e r t a i n  
period of t i m e  where the cadmiuni i s  decl in ing .  Do you have 
2o 11 DUNLIP: We're con t inu ing  khe test. T h a t ' s  the I 
l a t e s t  d a t a  w e  have. And t h a t  i s  talcen a f t e r  about  one y e a r  1 I 
22 of ope ra t ion .  I 
RYDER: That is the latest; data? I 
24 / /  DUNLOP: That is the l a t e s t  data. We a c t l m l l y  w i 1 . l  1 
erai liepoi ters, Inc. 
25 
: 
; p u b l i s h  t h i s  r e p o r t ,  hope fu l l y  n e x t  year  which trill i nc lude  




RYDEK: Thank you. 
I 
probably kwo y e a r s  of t e s t i n g .  
RYDER: So then  you would have about 34 ampere 
hours degrading t o  about 70 pe rcen t  of t h a t  on a n?m:.nal 
15 ampere hour c e l l ?  
DUNLPP : Y e s ,  t h a t  ' s c o r r e c t .  
HALPEIIT : Any f u r t h e r  ques t ions?  
FORD: Ford of NASA-Goddard. 
J i m ,  I have t h r e e  ques t ions .  
You mention a 30--cycles.  Could you desc r ibe  the 
type o f  cyc le?  Is t h a t  a synchronous o r b i t  cyc le?  
DUNLQP: N o .  There i s  nothing r e a l l y  magic about 
t h a t  30 cyc le s  except  t h a t  w e  run it a t  c o n t r o l l e d  temperatures 
below 75OF. And w e  d i scharge  it t o  approximately 8C per-  
an ampere hour turnover  exe rc i se .  
FORD: What you ' re  r e a l l y  suggesting i n  this is 
something like a burn-in. 
DUNL0.P : T h a t ' s  what w e  c a l l e d  it r e a l l y ,  a burn- 
, 
i n  t e s t .  
I 
FORD: Okay. 
cen t  of the depth of d i scharge  a t  a C/2 r a t e .  I t  i s  b a s i c a l l y  
The second ques t ion .  I n  measuring your pre- 
charge arid dur ing  your t e s t  have you made an attemp.: t o  
c o r r e l a t e  this wi th  the l e v e l  of  prechargc t M  you would 
expect  t o  have based om] ~mntlfac2;uring data? 
ral Reporters, Inc. 
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DUNWP: Yes. L e t  me answer t h a t  q u e s t i o l ~  t h i s  
way: I t h i n k  t h i s  i s  the answer you ' r e  a f t e r .  We have 
t a l k e d  w i t h  t h e  people from GE about  it, and based on what 
they t h i n k  t h e y ' r e  doing,  t h e r e  i s  very c l o s e  agreenent  he re  
between what we measure and what t hey  t h i n k  t h e y  are p u t t i n g  
i n t o  t h a t  cell. 
FORD: Okay, which l e a d s  me t o  t h e  n e x t  q u e s t i o n ,  
your r e v e r s a l . - -  
DUNLW: I hope t h a t ' s  r i g h t .  
FORD: -- is a t  C j 2  I b e l i e v e .  
DUNLI3P: u g h t .  
FORD: D o  you g e t  r e p e a t a b i l i t y  i n  t h a t  t e s t ,  
because a s  w e  w i l l  g e t  i n t o  t h i s  a f t e rnoon  some of  t h e  d a t a  
we're g e t t i n g  s a y s  t h a t  t h a t  tes t  can g i v e  you anywhere from 
zero p e r c e n t  t o  130 p e r c e n t  o f  t h e  a c t u a l  p recharge  t h a t  w a s  
put into the ce l l .  
DUNL,W: One of t h e  p o i n t s  t h a t  you s e e  i r r  t h i s  
program and you w i l l  see it on t h a t  graph i s  t h a t  when you 
do run  it i n t o  d i s c h a r g e ,  a11 y o u ' r e  doing i s  d i s c h a r g i n g  
the  amouht: t h a t  you can d i scha rge  a t  t h a t  r a t e .  There may be 
a l o t  o f  m e t a l l i c  cadmium remaining i n  t h o s e  p l a t e s  that 
you l a t e r  determine you didn'  t d i scha rge  e l e c t r i c a l 1 . y .  So 
m e  of your problems -- the t h i n g  t h a t  w a s  i n t e r e s t i n g  about  
the @at& t h a t  we got frarn t h i s  progsan s o  Ear wa.s t t a t  
3 t  t h e  very beginning when w e  f i rs t  r ece ived  the c e l l s  -there 
was a wide v a r i a t i o n  i n  the amaunt of precharged cadmium 
t h a t  w e  measured e l e c t r i c a l l y .  But  t h e  amount, once w e  
did t h e  complete a n a l y s i s ,  of p recharge  t h a t  we determined 
t o  be t h e r e  w a s  t h e  same .  B u t  it was n o t  d i scharged  electric- 
a l l y .  You could  recombine it with oxygen, by the wajr, a t  a 
slow rate, o r  you could discharge it a t  a v e r y  slow rate. 
But you c o u l d n ' t  d i s c h a r g e  it a t  a u s e f u l  r a t e .  A f t c t r  t h e  
30 c y c l e s  t h e  s i t u a t i o n  gets better. I t  seems t o  be fairly 
uniform. 
FORD: You do t h e  r e v e r s a l  w i t h  t h e  p l a t e  s t a c k  i n  
t h e  case? 
DUNLLP : That  ' s correct. 
FORD: Have you r u n  i n t o  t he  s i t u a t i o n  where the 
cell cou ld  n o t  be r e v e r s e d  i n  t h e  can? 
D U N L W :  W e  can  always reverse them. The q u e s t i o n  
is  which electrode i s  l i m i t i n g .  
FORD: I mean i n  a s i t u a t i o n  we've seen also on 
s e v e r a l  occas ions  -- and t h i s  i s  p a r t i c u l a r l y  c h a r a c t e r i s t i c  
of cells t h a t  have been on cycle for some t i m e  -- and I ' m  
talking about  t h r e e - q u a r t e r s  t o  a y e a r ,  sometimes i t  shows 
up ear l ier  t h a n  t h i s ,  and w e  see a s i t u a t i o n  where as you go 
i n t o  r e v e r s a l  you will h i t  a nagative p o t e n t i a l  of a b ~ u t  
150 t o  180 m i l l i v o l t s .  It w i l l  hang there f o r  abou t  f i v e  
n inu t e s  and then  i n  fact  t h e  p o t e n t i a l  starts going 53ck 
towards zero. And no matter  how lony  you reverse it at C/2 




REED: I w a s  wondering when you t a l k e d  about  t h e  
nothing ever happens. I t h i n k  vo n i g h t  d i s c u s s  that  l a t e r  
on this af ternoon.  
DUNLCIP: W e  h a v e n ' t  seen t h a t ,  Floyd. 
REED: Reed from B a t t e l l e .  
What separator i s  i n  t h e  cells you are u s i i ~ g ?  
i n c r e a s e  i n  ca rbona te  concen t r a t i on  w i t h  t i m e  whether you 
had seen  a similar phenomena wi th  s ay  polypropylene s e p a r a t o r s ?  
I 
We don ' t have any d a t a  'to compare with.. 
REED: T h a t ' s  what I thought .  
DUNLOP: W e  may some day. 
; 
HALPERT: Thank you very much. L N ~ !  - 2 8 6 6 i I  
We have about  1 0  minutes be fo re  w e  have t o  h u s t l e  I 
1~51/ over  t o  t h e  cafeteria. And X have done some work i n  our  
Th i s  i s  k ind  of s t e p p i n g  back a s t e p  be fo re  
16 
1;' 
l a b s  i n  t h e  Materials Branch. I thought  I could  p r e s e n t  
some o f  t h e  d a t a  on plate weights which may be of in t e res t .  




23 the p l a t e s  before they  were actually bcin.g put into cel ls .  !I 
J i m ' s  t a l k  i n  r e l a t i o n  t o  taking a look a t  t h e  p l a t e  weights  
be fo re  t hey  are a c t u a l l y  p u t  i n t o  cells and formed. 




and how t h e  p l a t e s  would ope ra t e  and what c a p a c i t y  you would 




8 b u i l d i n g  t h e  cells.  W e  apply t h i s  t o  a nuinber of the p l a t e  It 
One of t h e  f i r s t  t h i n g s  w e  d i d  f i n d  i n  1ooI:ing a t  
a l o t  o f  the d a t a  was t h a t  there w a s  a  p r e t t y  h igh  wczight- 
6 
7 
911 groups which we have r ece ived  from t h e  v a r i o u s  manufiicturers I 
c a p a c i t y  c o r r e l a t i o n .  I t h i n k  t h i s  may have been known i n  the I 
p a s t  b u t  h a s n ' t  been used t o  a great e x t e n t  i n  actua:Lly 
1011 and compare t h i s  w i t h  t h e  materials from O l i o  battery 32 and / 
l 2  11 I would like t o  run  through a few slides s l~owing 
1511 
W e  d i d  a p laque  and p l a t e  e v a l u a t i o n  by running a 
13 
1 4  
you what w e  d i d .  
(S l ide . )  
113 p l a t e s  i n  p a r t i c u l a r .  W e  d i d  work on p laque  and p l a t e  weight.  I/ 
115 
1 7  
19 1 W e  r e l a t e d  t h e  c a p a c i t y  t o  t h e  plate weight  and showed 
/I 
number of  d i f f e r e n t  t y p e s  o f  tests measnxing a l l  t h e  v a r i a b l e s  
i n c l u d i n g  s u r f a c e  area and pore size and the like on 




I will. j u s t  run t h r o u g h  these vcry b r i e f l y .  
Repcrters, Inc. 11  
/ w e  can a c t u a l l y  p r e d i c t  capac i ty .  
I 
I I w i l l  show later t h a t  w e  use  this i n  t h e  : l a t e s t  
1 OAO cel l  f a b r i c a t i o n  w i t h  succes s .  I 
2:; This  i s  just our particular evaluat ion  procedure i n  trhich 
impression of what some of the plates Look l i k e .  Bald I w i l l  
show a few samples here i n  a few m i n u t e s  t h a t  can cause 
problr~ms . W e  determine the weight gverage and d i s t r i b u t i o n  
of every p l a t e  within the batch, Our batches cjenerz:lly 
run  from SO t o  1 0 0  samples of plate and plaque if we! can 
get t h e m .  We t h e n  select some samples for test and seal and 
store t h e  remainderL 
(S l ide  .) 
We go through now a s p e c i f i c  i n v e s t i g a t i o n  of 1 
I 
sixteen plates, Again we look more carefully and make a i i 
dimensional measurement. W e  weigh each plate: and measure 
th ickness  d i s t r i b u t i o n  a t  f o u r  places on t h e  plate .  We I 
I 
I 
measure mechanical s t r e n g t h  and surface area and r u n  some of i 
I 
I I these other  physical chemical t e s t s  which I won't describe 
today. 
We then take 10 of the.plates and run a f l ~ o d e d  
p l a t e  capac i ty  i n  which we run s i n g l e  plates versus  two I 
opposing electrodes. And then we measure afterwards some 
of t h e  o t h e r  p r o p e r t i e s .  Today we're only going t o  .:alk 
about t h i s  plate  weight and capacity correlation. 
( S l i d e .  ) 
On t h e  next slide I show some of the samp;.es of 
I 
p l a t e s  which caused u s  some problems. You can see t k i e  cuts i I 
I 
i n  t he  upper l e i t ,  cuts f n  t h e  p a r t i c u l a r  plates  goir,cy i n  both I 
2 ) /  t h e  p l a t e  has  been unevenly compacted. And you can see t h e  
3 ' 
(1 a r e a s  . i n  which some o f  the pores  from t h e  s u b s t r a t e  d o n ' t  
d i r e c t i o n s .  I n  t h e  one on t h e  upper r i g h t  w e  see t h a t  
i s  a degree  of warping i n  t h e  plate b e f o r e  w e  even g e t  it. 
And then  o v e r  he re  on t h i s  bottom l e f t h a n d  s i d e  we s e e  
4 
5 
* 11 l o t s  oE h o l e s  i n  t h e  plate, unevenly d i s t r i b u t e d .  
even ihow through.  
On the bottoni -- it i s  difficult t o  see, b u t  there 
11 I n  ano the r  batch . i n  t h e  next s l i d e  here w e  see 
l o  11 nonuniformity i n  d i s t r i b u t i o n  o f  t h e  s u b s t r a t e  sc reen .  
( S l i d e .  ) 
I n  t h i s  p a r t i c u l a r  c a s e  we w e r e  u s ing  s c r e e n  
l 3  (1 throughout  t h e  plaque.  Again there are s c r a t c h e s  and some 
14/ (breakage .  And then  h e r e  on the bottom i s  a nonuniform d i s -  
1511 t r i b u t i o n  o f  t h e  a c t i v e  m a t e r i a l .  ' A l l  t h e s e  w e  b e l i e v e  are 
l6lI 
sou rces  of nonuniformity  and lack of  t h e  kind of qual i ty  
17 11 c o n t r o l  1 .lat w e  need far t h e  h i g h - r e l i a b i l i t y  cells that 
18 
19 
we're us ing .  
( S l i d e .  ) 
20 
- 21 
I n  t h e  n e x t  s l i d e  we show some of t h e  weights  of 
plaque. These are samples o f  p laque which w e  have talken and 
22 
23 
measured, v a r i a t i o n  of p laque  tklroughout the entire batch. 
The averages  are g iven  just under t h e  b a r s .  13.2 f o r  this 
24 
I Rci~orters, Inc. 
25 
Igroup, and 1.4.5. T h e s e  plaque C i s t r i b n t i o n s  n re  not bad: 
that i s ,  they held fairly uniform. 
Reporters , Inc. 
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I1 b u t  you can see t h a t  t h e s e  vary a l l  ove r  t h e  l o t .  Pad 
you can imagine what ' s  going t o  happen i f  you t r y  aed do 1 
I 
I 
any kind  o f  p l a t e  measurements based on t h e  p laques  t h a t  
have n o t  been uniformly c o n t r o l l e d .  
(SLIDE. ) I 
We then went ahead and measured some p l a t e  weights  1 
from ba tches .  And we can look a t  the n e x t  s l i d e .  We w i l l  
/ /  g ive  you n e g a t i v e  p l a t e  weight  d i s t r i b u t i o n .  ~ n d  aga in  I / /  he re  i n  t h i s  p a r t i c u l a r  graph,  which i s  s l i g h t l y  d i f f e r e n t  I 
Il from the l a s t ,  t h e  average,  p lus  o r  minus . 5  grams, i . is i .given 11 i n  t h e  top l i n e  for t h i s  p a r t i c u l a r  LR group o f  which there / 
a r e  53, T h i s  is 0.5 t o  1.0 gram v a r i a t i o n  and 1.0 t o  1.5 for 
11 this p a r t i c u l a r  group. I 
ll And you can see h e r e  w e  go down. There i s  a f a i r l y  
wide d i s t r i b u t i o n  h e r e  and he re .  And t h i s  pa r t i cu l ax '  group 
used i n  the OAO b a t c h  j u s t  happened t o  come through wi th  a 
big blank r i g h t  here in the center. 
But q u i t e  a few p l a t e s ,  a s  you can see, i n  t h e  
1 ba tch  that we g o t  were i n  t h i s  p a r t i c u l a r  a r e a  r i g h t  here, 
I n  t h i s  p a r t i c u l a r  TA group we see a very  c l o s e l y  
c o n t r o l l e d  p l a t e  weight.  And you w i l l  see t h a t  aga in  a 
ll l i t t l e  later .  And then  l a t e r  on aga in  w e  see q u i t e  a wide 
v a r i a t i o n  i n  t h e  weight  of p la te .  It i s  a l so  t r u e  f o : ~  the 
p o s i t i v e  . 
1 
FIGURE 1 
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I n  t h e  . nex t  s l i d e  we show some o f  t he  pokitklre 
weights.  And aga in  t h e  f a i r l y  wide v a r i a t i o n .  I n  some 
cases  it i s  more c l o s e l y  c o n t r o l l e d  than i n  o t h e r s i i n  compar- 
i n g  t h a t  w i th  t h e  OAO b a t t e r y  32 and 3 3  group which i s  shown 
i n  t h i s  p a r t i c u l a r  grouping. 
W e  then,  knowing t h e s e  p a r t i c u l a r :  v a l u e s ,  take the 
t e n  plates c a r e f u l l y  looked a t ,  dnd we would make capac i ty  
measurements, f looded p l a t e  capacity  measurements. 
(S l ide .  ) 
I n  t h e  n e x t  s l i d e  w e  show t h e  d i s t r i b u t i o n . ; o E ~  
one p a r t i c u l a r  group. This  happens t o  be the n e g a t i v e  p l a t e s  
f o r  t h e  group that ; -goes  i n t o  the OAO b a t t e r y  32 and 3 3 .  
This  happened t o  be one o f  t h e  ones w e  p icked a t  random. 
These were all picked a t  random, 
You see a f a i r l y  good s t r a i g h t  l i n e ,  i f  you want 
t o  i n c l u d e  t h a t  i n  t h e  ba tch .  Even i f  you d o n ' t  i n c l u d e  'it, 
you can see t h a t  t h e r e ' s  a r e l a t i v e l y  good s t r a i g h t  1 i : n e  
even he re .  
I f  you cons ide r  t h e  weight  and t h e  s t a n d a r d  
d e v i a t i o n  of  t h e  t e n  p l a t e s  and the c a p a c i t y  and t h e  
s t anda rd  d e v i a t i o n  of th6 c a p a c i t y  of t h e  t e n  p l a t e s ,  we 
have these numbers here .  
And if w e  j u s t  t a k e  o u t  t h i s  one p a r t i c u l a r  :sad one, 
we come way down t o  . 4 2  and have a s t a n d a r d  d e v i a t i o n  .in 





















PLAQUE WEIGHT DISTRIBUTION 
136 
WE IGH T (g rns) 
(VALUES INDICA TED ARE X BY LOT) 
99 50 
L R T·A 
NEG 
POSITIVE PLATE WEIGHT DISTRIBUTION 
TYP E QUANTITY RANGE (gms) 10 20 
FREQUENCY 
30 40 50 60 
I I I I I I 
X ! 0.5 
0.5 ::; ! 0 l--L·R 47 
10 to L : I--I 
1.5 to 20 
-
L·C 86 
;: ! 05 
05 to 10 
;: ! 05 
N·S 63 o . ~ to 10 
1 0 10 15 l-
i ! 05 
OAO 05 to 1.0 
BAT 67 
10 !O 15 ~ 32·33 
1 5 to 2.0 ~ 
1 A 150 x ! 04 
99 x ! 05 ST 
05 to 10 I---
, x j 05 ~ 
05 to 10 I--
EN 49 1 0 to 1.5 ~ 














NEGATIVE PLATE WEIGHT ' DISTRiBUTlO~ 
FREQUENCY 
TYPE QUANTITY RANGE (grr.sl 10 20 30 l O 50 60 70 80 
..L ..L ..L I J ...l. I I 
X i 0 .5 
L·R 53 05 to 1.0 
1.0 tr 1 5 !-
)( ! 05 
0.5 to 1.0 
L·C 86 1.0 to 1.5 . 
1.5 to 2.0 ..... 
20 to 2 5 l-
x .. 05 
N·S 63 • 0 .5 to 1.0 ~ 1.0 to 1 5 ~ 
1.5 to 2.0 ~ 
I x ! 0 .5 OAO 0 .5 to 1.0 BAT ' 67 1.0 to 1.5 !--
22·23 
2.0 to 2.5 !o-
TA 175 x .. 0 .5 0 .5 to 1.0 p0.-
X .. 0 .5 
S·T 98 0.5 to 1.0 
1 0 to 1.5 l-
x ! 0.5 !'----
0 .5 to 1.0 
E·N 46 1.0 to 1.5 ~ 
1.5 to 20 ~ 
20 to 2.5 ~ 






3 .468, • • 
> 
~ 
~ 3.276 ~ 
c.. 
~ 
u OAO BATT ERY 32-33 
lO 9 
3.0!!4 f- PLATES PLATES 
--
WT . (gm) 28 19 2853 
STD . DEV . 109 0 .42 
2.892 f- . CAPAC ITY (AH) 347 354 -
• 
STD DEv . 0.22 0 .05 
CORRELAT ION IS 0 .97608 
2.700 I 1 I I I I 
23 .887 24 .996 26 . 10<1 27 2 13 28322 29431 3053 




(S l ide .  ) 
The n e x t  s l i d e  j u s t  t a k e s  a  bunch o f  t h e s e ,  t h e  
34 and 35 b u i l d s  was p l u s  or minus 3-1/2 p e r c e n t .  . b y t h i n g ;  
o u t s i d e  p l u s  o r  minus 3-1/2 percent would be thrown o u t .  
And s o  t h a t  would have e l i m i n a t e d  t h i s  p a r t i c u l a r  one t o o ,  
4 
5 
d a t a ,  and a c t u a l l y  j u s t  remove t h e  p l a t e s  one a t  a  time t o  
so you can  see we would have had a p r e t t y  n i c e  narrow 
grouping  f o r  t h i s  p a r t i c u l a r  ba tch .  
look f o r  t h e  s t a n d a r d  d e v i a t i o n .  
And w e  can see over on t h e  f a r  end t h a t  tk.e I I 




comes o u t  h i g h e r .  The wrong p i e c e  of d a t a  was removed. I t  
should  have been h i g h e r .  
But n e v e r t h e l e s s  a l l  of them a r e  above t h e  .8 cor -  
r e l a t i o n  and,  o f  c o u r s e ,  t h e  .98 because  of t h e  p l a t e  that 
was e x c e p t i o n a l l y  low. What t h i s  a l l ows  you -- it can  be c a l -  
c u l a t e d  by a computer very e a s i . 1 ~  -- it allows you t o  calculate 
a r e g r e s s i o n  e q u a t i o n  which r e l a t e s . c a p a c i t y  t o  t h e  weight,  
a s imp le  e q u a t i o n  t o  c a l c u l a t e .  
And i f  w e  p l u g  i n  t h e  ave rage  weigh t  o f  28.86,  w e  
shou ld  get a c a p a c i t y  o f  3.56. And t h i s  is t r u e  I would say 
in a lmos t  a l l  t h e  b a t c h e s .  There are a  coup le  o f  c a s e s  of 
b a t c h e s  t h a t  t h i s  c o r r e l a t i o n  c o e f f i c i e n t  w a s  v e r y  l o w .  And 
i t  i s  something we would have t o  look i n t o  a  bit fu r t :he r .  
But o u t  of the s i x  groups o f  rnater i -a ls  w e  looked 





And by throwing o u t  t h e  h igh  and low, whick, i s  
I 
a t  p o s i t i v e s  and nega t ives ,  and t h a t  means 1 2  groups, t h e  
r e l a t i o n s h i p  he ld  i n  9 o f l . the  1 2  c a s e s ,  so  I t h i n k  i t  could be 
considered a p p l i c a b l e .  
, 
Now what you can do wi th  t h i s  i s  t o  a c t u a l l y  t a k e  
1 3 1 /  
n o t  a complex m a t t e r ,  , w e  would then  improve t h e  unifcbrmity 
10 p l a t e s  o u t  of t h e  ba tch  before you run  t h e  ba t ch .  Before 
" I/ of a l l  t h e  c e l l s .  A s  I say ,  w e  d i  d t h i s  w i th  b a t c h  3 4  and 
;! 11 35 cells. I t h i n k  it should be  i n  t h e  nex t  s l i d e .  





( S l i d e .  ) 
This  is  j u s t  ano the r  way of showing what happens 
when you t a k e  them o u t .  This  p a r t i c u l a r  ba t ch  happered t o  
be  of a ve ry  low sigma. And w e  show t h a t  we d o n ' t  remove 
any pJates  here. This should be .03 for a sigma for this 
1 8 
1 5' 
p a r t i c u l a r  c a p a c i t y  group. These were t h e  nega t ives .  And 
t h i s  p a r t i c u l a r l y  i s  p o s i t i v e s .  
24 /j down q u i t e  a way. 
2 1 
22 
Pepo:tets, lnc. I 
25 li 
I I n  t h e  n e x t  one we show what happens. This  happens 
t o  be  t h e  same group of nega t ives  i n  which  we j u s t  removed 
And t h e  p o s i t i v e s  a g a i n ,  t h i s  was p l u s  o r  n i n u s  3 
/ t h e  one low p l a t e  and w e  reduce o u r  c a p a c i t y  uniform sigma 2f Ji 




11 And so i n  t h i s  p a r t i c u l a r  group -- and i n  t h e  
p e r c e n t ,  And o u r  v a l u e s  we wsere looking a t  w e r e  p l u s  o r  
. . 
minus 3-1/2. There was 3 pe rcen t  he re .  W e  d i d n ' t  halPe t o  
remove any p l a t e s .  And t h i s  i s  t h e  standard d e v i a t i o n  
6 p o s i t i v e s  we d i d n ' t  have t o  take o u t  any. I/ 
11 ( S l i d e .  ) 
8 I /  , Now on t h e  nex t  s l i d e  I t h i n k  w e  show what Ilappened 
10 t h e r e  was no s e l e c t i o n  used.  And we see t h a t  i f  w e  t , lke  a l l  I /  
9 i n  t h e  OAO c e l l  s e l e c t i o n .  I n  OAO-B, b a t t e r i e s  32  ant3 3 3 ,  
1 1  
l 2  
1511 
a total of  2.8 ampere hour spread .  
the cells  now'-- t h e s e  are cel ls  a f te r  cycling -- and look a t  
1 t h e  c a p a c i t y ,  w e  see t h e  range h e r e  from about  149 minutes  
13 
14 
l6 li And i n  b a t t e r y  assembly 3 4  and 35, which i s  t h e  
I guess up to about 166. That  should  come out to be 17 minute 
I d o n ' t  know i f  I gave you t h e  r i g h t  numbers. And th ,a re  i s  
1711 
latest one t h a t  was b u i l t  and which we did use, t h e  p l a t e  
/I s e l e c t i o n ,  w e  see h e r e  we've cut' down t h e  d e v i a t i o n  t3 9 0  
l9Il 
minutes  or 1 .5  ampere hours .  And you can see a much narrower 
22 11 weight  measurement and c a p a c i t y  measurement of f looded  p l a t e s  
20 
2 1 
23 /I i s  n o t  a h i g h l y  s c i e n t i f i c  type test ,  it does  give you an  
spread.  
So i n  conc lus ion  I would say t h a t  a l though  t h e  
2 4  i n d i c a t i o n  of t h e  c a p a c i t y  t h a t  might he expected  from a 
ieporters, inc. ' /  2 5 1 ;  group of p la tes  and could hc used as n criteria for ploto 
I i  
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s e l e c t i o n  pr ior  t o  cell assembly. 
Thank you. 
(Applause. ) 
. (Whereupon, at 12:30 p.m., the meeting was recessed 




HALPERT: I would like to welcome you all back 
from yeur lunch break. 
I do have a couple of announcements to make. I I 
I 
One ig that w e  have a list out in the lobhy.,there, some pages 
with ypur names, a place for name and affiliation. We would 
like 40 have that for our records. piease make sure you 
sign that before you leave, or sometime this afternoon 
preferably, so that we can submit some of those with our 
records. 
# 
For those of .you who did not send me back a brown 
card with your name and address and all that, so that w e  can 
have your record and your permanent mailing address, 1 would i 
appreciate if you would see me later, during the next 
coffee break, and I would be glad to pass them out. 
Thirdly, there is a publication up here, for 
those who might be interested: Secondary Aerospace Batteries 
and Battery Materials, A Bibliography. Some of you have a 
copy. We have some extra copies, and if anybody is interested 
come by and pick them up. We have some more copies we can 
make available if these go. 
This afternoon we are starting our Session 2. 
Mr. Floyd Ford is our Chairman, Floyd has done quite a bit 
I Reporter:>, In,:. 
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of work on t r y i n g  t o  s t r a i g h t e n  away t h e  problems for the 
OAO b a t t e r y  and now doing some work with  a space s t a t i o n  
module, and a very  capable  gentleman, and I p r e s e n t  him t o  you 
now, Floyd Ford. 
FORD: Thank you, J e r r y .  
Kelcome t o  t h e  a f t e rnoon  s e s s i o n .  The topic  of  
t h i s  i:i P r ec l~a rge ,  precharge effects , cell  t e s t i n g  a.nd l i f e  
t e s t i n g .  
So, as you see, it is  a p r e t t y  broad t o p i c .  It 
is  going t o  be somewhat c o n t r o v e r s i a l ,  I th ink .  
I would l i k e  t o  remind t h e  speake r s  t h a t  t h i s  
w i l l  on1.y be as formal as you want t o  make l i t  as you are 
up here .  I had a comment t h i s  morning t h a t  t h e  gent.lemam - 
s a i d ,  gee, I d i d n ' t  come prepared  f o r  t h i s  t ype  of p re sen ta -  
t i o n .  W e l l ,  r e a l l y  I would l i k e  t o  suggest t h a t  t h i s  i s  t h e  
oppor tun i ty ,  t o  borrow a n  exp res s ion  from t h e   hippie:^, t o  
do your own thing. 
So, as you come up, f e e l  f r e e  t o  g i v e  your 
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if you have a viewgraph, or just have th.e regular chart paper, 
. . 
they can be shown. 
This morning we talked about the process methods, 
the test on the basic materials for the process, an& analysis 
of the basic materials. 
We are going to address ourselves this af'ternoon 
'to the cell processing, actual working up to a piece! of 
hardware, which ultimately is the reason we are here:, every 
one of' us, is that our final goal is to develop a piece of 
hardware for flight use, 
The gentlemen you will be hearing from tkis 
afternoon and -- we just worked this up during the lunch 
hour -- are Dean Maurer from Bell Labs; myself, Floyd  Ford 
from NASA Goddard; Steve Gaston from Grumman ~ircraf't, 
Dr. Harvey Seiger, Division of Textron; Sam Bogncr from 
JPL; Don Mains from Naval Ammunition Depot, Crane; Elarl Carr, 
Eagle Picher. 
Ed Colston of NASA Goddard; and then Sidney Gross 
of Boeing. Without further to say, X would like to introduce 
Dean Maurer from Bell Labs, 
EIAUWR: There have been several reports recently 
concerning the matter of pracharge on the negative electrode, 
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e l e c t r o d e  f a d e s  i n  capacity with  long-term cycling, leading 
t o  c a p a c i t y  fading of the c e l l ,  d u e  to  nega t ive  l i n i t a t i o n ,  
the .way  around t h i s  problem i s  t o  add prccharge t o  t h e  
nega t ive  as the cel l  i s  assembled t o  account  for t h e  l o s s  i n  
c a p a c i t y  due t o  f ad ing  of t h e  nega t ive .  
What I want to  show here t h i s  a f t e rnoon  i s  t h a t  
i n  addition t o  that precharge o r  t h e  charged cadmium, w e  
a l s o  need t o  worry about  t h e  cadmium hydroxide on t h e  
e l e c t r o d e .  
The B e l l  Labora to r i e s  has been working r e c e n t l y  
w i th  s e v e r a l  of t h e  Western l i c e n s e e s  t o  develop a 2 3  ampere 
hour cell  for terrestrial a p p l i c a t i o n s .  The envi ro :ment  i n  
t h e  terrestrial a p p l i c a t i o n  i s  somewhat more severe t han  
t h e  sa te l l i te  environment. The u s e  mode i s  c o n t i n u ( ~ u s  
overcharge.  It i s  a r e s e r v e  b a t t e r y .  And t h e  temperature  
ranges  from a high averag ing  120 Fah renhe i t ,  w i t h  e:rcursions 
to 1 4 0  Fah renhe i t ,  and a l o w  temperature of 32  degrees 
Fahrenhe i t  and b a t t e r o h e a t e r s  t o  keep t h e  cell  a t  t h a t  
t empera ture  when t h e  o u t s i d e  ambient gets lower.  
However, t h e  cel l  should be  capable  of ope ra t ing  
below t h i s  ambient ,  II: c a s e  t h e  b a t t e r y  h e a t e r s  f a i l .  And 
we can expec t  t empera tures  approaching minus 4 0 ,  but  more 
l i k e l y  minus 20 degrees Fahrenhe i t .  
We ob ta ined  some of these cells  t h a t  were b u i l t  
ta l a b o r a t o r y  spccificztions nuri we looked -- we nlsc, 
obta ined  plates, samples t h a t  w e n t  i n t o  t h e  c e l l s  --- and t h e s  
. - 
p l a t e  samples i n d i c a t e d  t h a t  f o r  t h e  23  ampexe: hour c e l l ,  
t h e r e  shou ld 'be  t h e  o r d e r  o f  8 ampere hours  nega t ive  
W e  proceeded t o  do some experiments on t h e  cel ls  
t o  look a t  p r e s s u r e  ve r sus  charge r a t e ,  and tempera ture ,  
and tp s t a r t  o u t  w e  decided t o  p u t  t h e  c e l l  down t o  ze ro  
s t a t e  of charge by r e v e r s i n g  it. 
W e  r eve r sed  t h e  c e l l  and -- by t h e  way t h e r e  were 
r e f e f e n c e  e l e c t r o d e s  i n  t h e s e  cel ls ,  s o  t h a t  w e  could monitor 
which e l e c t r o d e  was r e v e r s i n g  -- w e  r eve r sed  them ~ ! n d  found 
t h a t  t h e r e  were n o t  8 ampere hours  of  nega t ive  cap; ,ci ty,  b u t  
mare l i k e  1 2  t o  1 3  ampere hours.  I 
W e  r e t u r n e d  t h e  ce l l  t o  charge a t  C overn 1 0  fo r -  a  
per iod  of roughly 20 days ,  and repea ted  t h e  r e v e r s i n g  procedu e 4 
and found t h a t  we had an  a d d i t i o n a l  8 ampere hours  of n e g a t i v  
capac i ty .  
~ow,first of a l l ,  we. rule o u t  1-eakage of oxygen I 
from t h e  ce l l .  These cells usedZ@yler s e a l s ,  which you w i l l  1 
hea r  tomorrow from Ed McHenry, are  a b s o l u t e l y  l e a k  f r e e .  
But fu r thermore ,  w e  had helium-leak checked t h e  cells and I 
a l s o  p r e s s u r e  t e s t e d  them for t h e  absence of l eaks .  I 
W e  looked i n t o  t h e  e l e c t r o d e  mechanisms f o r  a 
p o s s i b l e  exp lana t ion  o f  t h i s  phenemonon.. And looking a t  t h e  I 
e f f i c i e n c y  o f  t h e  nega t ive  e l e c t r o d e ,  it t u r n s  o u t  t h a t  . 
.: roughly 6 0  percent of i t s  t h e o r e t i c a l  capac:ity i s  used 
era1 lieporters. Inc. 
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on cyc l ing  i n i t i a l l y .  This  f ades  t o  roughly 45  p e r c e n t  i n  
. . 
50 cyc l e s .  I I 
The 40  pe rcen t  of t h e  e l e c t r o d e  t h a t  is n o t  used 
e l ec t rpchemica l ly  i s  p r e s e n t ,  I a m  s u r e ,  a s  charg6d cadmium. I 
The work of DunJop t h i s  morning suppor t s  t h i s  conte 'n t ion.  
The mechanism then  f o r ,  t h e  
. phenomenon I desc r ibed ,  i s  t h a t  t h e  oxygen from t h e  p o s i t i v e  
1 
on overcharge oxydizes t h e  i n a c t i v e ,  t h e  e l e c t r o c h t w i c a l l y  
i n a c t i v e  cadmium of t h e  e l e c t r o d e ,  conve r t i ng  it t o  cadmium 
hydroxide,  b u t  t o  keep t h e  charge ba lance  i n  t h e  ccklls 
s i n c e  no th ing  i s  gained o r  lost;, some of t h e  cadmium hydroxide 
of t h e  e l e c t r o d e '  i s  charged t o  cadmium metal .  Bu.: t h i s  I 
p a r t i c u l a r  m a t e r i a l  i s  e l ec t rochemica l ly  a c t i v e .  I 
So, i n  e f f e c t ,  by overcharg ing ,  you i n c r e a s e  t h e  I 
q u a n t i t y  of e l ec t rochemica l ly  a c t i v e  cadmium. 
To demonstra te  t h i s  on e l e c t r o d e s ,  w e  p u t  s e v e r a l  
as-received electrodes, and also -- some of t h e  ones t h a t  had beer- 
cyc led  f o r  50 t i m e s ,  i n  an oxygen bomb, w e t  with K3H - - ' t h e  
KOH w a s  wicked i n t o  t h e  e l e c t r o d e  from t h e  bottom of t h e  bomb. 
-- a t  90  degrees  Cent igrade f o r  two days  a t  100 pounds of 
oxygen. I 
These e l e c t r o d e s  t hen  were removed, washed and 
I I I d r i e d  and then  p u t  i n t o  30 p e r c e n t  KOH f looded cel ls  w i t h  large. I I 
i coun te r  e l e c t r o d e s ,  and w e  measured t h e  amount of capacity 
t h a t  would go into t h e  electrode before hydrogen evolution, 1 
before  you see t h e  hydrogen step. A n d  t h i s  is shown on t h i s  
viewgraph, a long wi th  d a t a  f r o m  e l e c t r o d e s  as r ece ived .  
I 
( S l i d e . )  
And w e  s e e  t h a t  on t h e  f i r s t  c y c l e ,  we g e t  72 and , 
i 
63 p e r c e n t  of t h e  t h e o r e t i c a l  capac i ty  i n  b e f o r e  hydrogen 
e v o l u t i o n ,  ve r sus  9 0  on t h e  oxygen-t reated e l e c t r o d e  a f t e r  
I 
I 
50 c y c l e s ,  and 9 5  as  rece ived  w i t h  oxygen t rea tment .  
On Yihe second c y c l e ,  t h e s e  f i g u r e s  a l l  decrease .  The 
I 
as-received e l e c t r o d e s  e s s e n t i a l l y  g i v e  a c o n s t a n t  performance, 
bu t  t h e  oxygen-t reated e l e c t r o d e s  d e c l i n e  towards t h e  va lues  
of t h e  as-received e l e c t r o d e s .  
So t h a t  t h e  oxygen t r ea tmen t  l e a d s  t o  e l e c t r o -  
chemical ly  a c t i v e  cadmium hydroxide,  . t h e  e l e c t r o c h e m i c a l l y ~ :  
i n a c t i v e  cadmium can be ox id ized  t o  e l ec t rochemica l ly  a c t i v e  
cadmium hydroxide.  B u t  this fades  a f t e r  cyc l ing .  
Now, t o  exp la in  this a b i t  more, we can look a t  
t h e s e  t y p i c a l  b a r  graphs.  
. ( S l i d e . )  
W e  have a b a r  showing t h e  p o s i t i v e  e l e c t r o d e  and 
t h e  nega t ive  e l e c t r o d e  wi th  an amou.nt h e r e  shown i n  r e d  a s  
e l ec t rochemica l ly  i n a c t i v e ,  The a c t i v e  p o r t i o n  being t h e  
... 
cadmium, t h e  cadmium/cadmium hydroxide t h a t  correspcbnds t o  
t h e  working c a p a c i t y ,  and t h e  excess  nega t ive  capac i ty .  
24 /j Now i n  the c e l l  on overcharge,  t h e n ,  w e  have thc 
1 1  Rel)orleis, inc. 
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Now, a t  t i m e  z e r o ,  t h i s  cadmium hydroxide  oras 
cadmium hydrox ide ,  and a t  t h e  same t ime some of  t h i s  cadmium 
11 
a c t i v e ,  as  I showed from t h e  bomb exper iments .  I n  a  working I 
hydroxide  b e i n g  reduced t o  m e t a l l i c  cadmium which is now 
active,  and t h i s  g i v e s  r ise  to t h e  e x t r a  r e v e r s a l  c a ~ f a c i t y  
t h a t  I mentioned i n i t i a l l y .  
ce l l ,  a s  it a g e s ,  I am s u r e  t h a t '  a p o r t i o n  o f  t h i s  c e . d m i u m  ' I 
hydroxide is  n o t  a c t i v e ,  and i n  fact t h e  morethe  cell a g e s ,  It 
t h e  more of  t h i s  m a t e r i a l  remains e l e c t r o c h e m i c a l l y  i n a c t i v e .  
And t h i s  can  b e  s e e n  i n  t h e  performance  of one  of t h e s e  cells  
on overcharge .  
( S l i d e .  ) 
t T h i s  regime w a s  C o v e r  2 0 ,  cont i l luous  charge .  One I 1 
week a t  20  d e g r e e s ~ a h r e n h e i t  gave a n  end of  c h a r g e  p r e s s u r e  of 
4 :- pounds,  c a p a c i t y  o f  3 1  1 / 2  ampere h o u r s .  T h i s  w a s  followe 1 
by a week at 1 1 0 ,  capacity of 26 ampere h o u r s ,  4 pourtds p r e s s u  e ,  i 
One month a t  1 1 0 .  T h a t  w a s  a month after  t h i s  week, 4 pounds 
( 
and 30 ampere hours c a p a c i t y .  
Then t h e  ce l l  was p u t  a t  20 d e g r e e s j ~ h r e n h e i t r .  f o r  
a month, and w e  f i n d  a n  i n c r e a s e  i n  p r e s s u r e  c a p a c i t l r  of  
rough ly  34  ampere hours .  
T h i s  p r e s s u r e  i n c r e a s e  was n o t  -- was g r a l u a l  
23 11 i n i t i a l l y  f o r  t h e  first t e n  days or so. The perforrnar~ce w a s  I 
s i m i l a r  t o  t h e  performance t h e  f i r s t  week a t  20 d e g r e e s .  R u t  
e v e n t u a l l y  the p r e s s u r e  sta.rl:cd to i nc rcoso  ;nd b u i l d  up to 
t h e  h ighe r  va lues .  
. - 
Now I should g i v e  you one o t h e r  p i e c e  of  d a t a  and 
t h a t  i q  t h a t  t h i s  ce l l  conta ined  about 46  ampere hours  
e l ec t rochemica l ly  a c t i v e  m a t e r i a l ,  on t h e  nega t ive .  'rhe 
p o s i t i v e  e l e c t r o d e  was roughly 3 4  and wi th  8 ainpere hours p u t  
i n  as pgecharge cadmium, you seea.we a r e  c l o s e  t o  t h e  t o t a l  
e l ec t rochemica l ly  a c t i v e  cadmium capac i ty  of 44 .  So t h a t  
on ly  a gmall change i n  t h e s e  s k a t e s  of  charge,  on ly  a smal l  
s h i f t  o f  t h i s  m a t e r i a l  i n t o  an i n a c t i v e  s t a t e ,  would g e t  you 
i n t o  dangerous r eg ion  of  running o u t  o f  cadmium hydroxide.  
( S l i d e .  ) 
And t h i s  i s  i n  f a c t  t hen  what happened t o  g i v e  
r i s e  t o  t h i s  p r e s s u r e  bui ldup.  - -- 
So what I am say ing  i s ,  t h a t  i n  a d d i t i o n  t o  t h e  X 
ampere hours  of prechargdcadmium t h a t  you p u t  i n t o  t h e  
e l e c t r o d e  t o  account f o r  cadmium fad ing  wi th  c y c l i n g ,  you need 
also t o  be sure to have a large excess of cadmium hydroxide 
probably a t  l e a s t  equa l  t o  t h e  t o t a l  precha-rge p l u s  e l e c t r o -  
chemica l ly  i n a c t i v e  cadmium t h a t  t h e  ce l l  has  i n  order t o  
a s s u r e  a r e l i a b l e  performance ove r  an extended pe r iod  of t i m e .  
- ( S l i d e . )  
One more p i e c e  o f  d a t a  I w i l l  show i s  t h e  c e l l  with 
the' 8 ampere hours of prechargc was charged a t  various rates 
and tempera tures ,  g i v i n g  t h e s e  type  aE d a t a .  Th i s  i s  roughly 
C over  20 and C ove r  5 for this ce l l ,  and t h e s e  are pressures  
in pounds per square inch absolute. The cells are l~vacuated 
before they are cycled, 85 Fahrenheit down to minu:3 20. 
So we have at least zero degree performa:lce. This 
only 18 paunds absolute pressure at the C over 5 rate, so that 
if we maintain these design principles and add the improper 
amount of excess cadmium hydroxide to the cell, this cell 
should reliably operate for long periods at elevated 
temperature. 
I want to add at this point, a plug for the 
electrochemical impregnation process on the negativ?. 
As you heard this morning, these electroc3es have 
not faded with cycling compared with commercial eleztrodes 
which did, allowing you to design a cell with principles that 
I have just described, having a two to one total cadmium to 
positive ratio -- I am sorry -- flooded ratio of t w ~  to one, 
and 80 percent of the cadmium hydroxide will be utilized, 
compared to something which fades down to 45 or 50 percent on 
cycling. This scales up into a cell which has a thickness of 
1.6 inches for the electrochen~ical negatives, and 2.7 inches 
for comnercial negatives, so that the cell with high 
reliability for long-term overcharge, and I imagine also 
for cycling with the electrochemical negative, would have 
a higher energy density. 
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FORD: Thank you Dean. 
A t  t h i s  time w e  w i l l  e n t e r t a i n  q u e s t i o n s .  
SULKES: I n  your ,  roughly ,  5 weeks of  110 degree 
overcharqe ,  e s p e c i a l l y  w i t h  t h e  i n t e r n a l  t empera tu re  o f  t h e  
ce l l  b u i l d i n g  up,  it would appear  t h a t  a l a r g e  amount o f  your  
s e p a r a t o r  has  been a t t a c k e d ,  which would r e s u l t ,  o f  ,course, 
i n  t h e  b u i l d i n g  up o f  your  cadmium c a p a c i t y .  
Have you back-ca lcu la ted  how'much-of t h a t  ha s  
a c t u a l l y  t aken  p l a c e ?  
MAURER: I h a v e n ' t  made t h e  c a l c u l a t i o n ,  b u t  
based on some expe r i ence  w i th  s e p a r a t o r  deg rada t i on ,  i t  
would n o t  be  a p p r e c i a b l e  i n  t h z t  p e r i o d  of  t i m e .  
I a g r e e  t h a t  it would be  i n  a l onge r  t i m e ,  6 months 
perhaps .  But t h e s e  cells a l s o  have po lypropylene  s e p a r a t o r .  
DUNLOP: D r .  Maurer,  you t a l k e d  abou t  t h e  amount of  
adjustment-of your p recharge  with r e s p e c t  t o  your  d i s c h a r g e  o f  
cadmium f o r  over t ime  p r o t e c t i o n ,  and you s a i d  t ha t . p i1  shou ld  
have an e q u i v a l e n t  amount of  cadmium -- discharge3cac~mium 
above t h e  p o s i t i v e  c a p a c i t y  t o  match t h e  -- I t h i n k  what 
you s a i d  -- t h e  p r echa rge  p l u s  t h e  e l e c t r o c h e m i c a l l y  i n a c t i v e  
cadmiurn. Is t h a t  c o r r e c t ?  
MAURER: That  is r i g h t .  
DUNLBP: I t  would be abou t  an  equa l  r a t i o  between 
t h e  tffl03 
,al  Rnpottc!rs, Inc. 
:2 5 
MAURER: J u s t  as. a r u l e  of thumb. I 
DUNLDP: Another -- w e r e  you talking about a ce l l  




MAURER: I am t a l k i n g  about a c e l l  f o r  a :Long-term 
o v e r c h ~ r g e  a p p l i c a t i o n s ,  b u t  I would th ink  t h e  same p r i -nc ip l e  
Would qpply f o r  c y c l i c  a p p l i c a t i o n s  as w e l l ,  becauke 
~ I 
essent i .a l ly  t h e  same s o r t s  of t h i n g s  e v e n t u a l l y  h a p p n .  The 
I 
neya t lve  becomes i n a c t i v e .  
I 
I f  t h e  c e l l  d i d n ' t  s e e  v e r y  much overcharge a t  all, 1 
i 
then t h e s e  p roces ses  would be slowed down apprec i ab ly ,  of I I 
course .  
! 
DUNLDP: Have you had any exper iences  w i t h  i I 
d i , scharging,  or  depth o f  d i s c h a r g e  as t o  how it a f f 3 c t s  t h e  1 I 
I I 
u t i l i z a t i o n  o f  t h e  cadmium? 
MAURER: Essent ia l l .y ,  no. Mosf of  o u r  work has  
j 
been w i t h  100 p e r c e n t  dep th  d i scha rge  on cel l  c y c l i n g .  Tha t  i s  I 
d o w n  to e i g h t - t e n t h s  of a v o l t .  
DUNLQP: Does t h i s  i n f l u e n c e  t h e  u t i l i z a t i o n  of 
t h e  cadmium? 
MAURER: I t h i n k  it would. i I i 
I t h i n k  t h e  deeper  you d i s c h a r g e ,  t h e  more l i k e l y  I 
1 
you are t o  i s o l a t e  cadmium. L I 
I 
! 
DUNLDP: Okay: I 
I 
And ano the r  t h i n g  I would l i k e  t o  mention he re  i s  
I 




statements that you nlay find a lar9e amount of active cadmium 
in your plates, which cannot he discharged electrically. 
But if you do discharge it electrically, either 
by an oxygen recombination process, or by a slow discharge 
process, then that you may be able to utilize this for a 
short periad of time, but it rnay go right back eventually to 
the state where you can't utilize this. 
MAURER: I think a lot of us have taken cells 
apart and found that part of the negative was out -- in the 
separator, for example. And I can't imagine that that will 
ever become very electrochemica'lllyactive in an ancient ce l l ,  
let's say. 
LEUTHARD: Leuthard, Martin Marietta. 
Have you done any testing, or would you like to 
comment on the effects of high-temperature exposure for long 
periods of tine on the negative, process to the precharged 
and the uncharged negative? 
X am thinking specifically of something like 135 
degrees C for-maybe 100 or 200 hours. 
MAURER: We have not looked into that temperature 
range with any of the sterilization problems. 
Most of our high temperature is in the r~eighbsrhood 
of 140 Fahrenheit, which is 55 degrees C. 
So, no, I don't have any experience in t h a t ,  of 
the type. that you are describing. 
High temperature  of t h e  t y p e  I descr ibed  P t h i n k  
11 g i v e s  rise t o  m a t e r i a l  o u t  i n t o  the separator, prob:.ems of 
3 I1 t h i s  s o r t .  Carbonation of t h e  cadmium, i f  we had nylon 
I/ FLEISCHER: Have you looked i n t o  t h e  uniliormity 
4 
5 
I/ . o f  d i s t r i b u t i o n  of t h e  charged 'cadmium on v a r i o u s  p l a t e s ,  
I 
s e p a r a t o r .  
L E U T W :  Thank you, Doctor, 
/I a f t e r  you 'have had them on charge and overcharge f o r  a whi le?  
I I d i s t r i b u t i o n  changes a t  a l l ,  you w i l l  change t h e  c u r r e n t  
9 
;# 0 
l 2  I/ d e n s i t y  on d i f f e r e n t  p l a t e s ,  s o  t h a t  you a c t u a l l y  dc) n o t  
MAURER: No. 
, if 
FLEISCHER: Because obvious ly  / your  e l ec t : ro ly t e  
1 ~ 1 1  have a de f ined  cond i t i on  i n  t h e s e  tests,  u n t i l  you have 
14 I/ e s t a b l i s h e d  t h a t  t h e r e  i s  a uniform c u r r e n t ,  and t h a t  w e  may 
be deducing f i g u r e s  t h a t  t a k e  p l a c e  on a s m a l l e r  amount of  
15 . 
1611 
t h e  p l a t e s  at: h ighe r  c u r r e n t  d e n s i t i e s  t h a t  correspclnd t o  what 
1711 
your overcharge current is. 
11 . MAURER: W e l l ,  e xcep t  t h a t  t h e  cel ls  gave t h e  
1911 
c a p a c i t i e s  you would expec t  t o  s e e .  And i f  much of  t h e  p l a t e  
II became i n a c t i v e  due t o  e l e c t r o l y t e  r e d i s t r i b u t i o n ,  t hen  you 20 I/ wouldn ' t  expec t  t o  s e e  t h e  c a p a c i t y  a s  h igh  a s  it w c s .  
2 1 
The one month a t  20  deg rees ,  fol lowed by a l l  of  
t hose  o t h e r  months, was g i v i n g  34 ampere hours .  
2 3  1 
FLEXSCHER: B u t  you started wi th  8 ampere hours 
2 4 
: Rc~rfler:.. in( .  / /  excess  cadmium, which doesn ' t chanrje. 
25 li 
MAURER: Right .  But i f  w e  had much r e d i s t r i b u t i o n  
. - I 
1 of e l e c t r o l y t e ,  you would expec t  some of  t h e  p o s i t i v e  e l e c t r o d ~ l s  
to become i n a c t i v e .  
I 
FLEISCIIER: But it may n o t  t a k e  very  much d i s t r i b u -  
' 1 .  
1 t i o n .  YOU a l s o  have t o  assume t h a t  your r e a c t i o n  i s  always 
I 
t a k i n g  p l a c e  over  t h e  same a r e a ,  s o  you a r e  consuming water  I 
and n o t  changing t h e  concen t r a t i on  of e l e c t r o l y t e  i n  c e r t a i n  
p l aces .  
There a r e  a number of t h i n g s  t h a t  can hz.ppen i f  
you ana lyze  t h e  whole problem complete ly ,  s o  t h a t  your 
tests should be followed up by a n a l y s i s  of  t h e  negc t ive  p l a t e s .  
MAURER: Yes. I 
FORD: I b e l i e v e  w e  have a q u e s t i o n  i n  t.he r e a r .  i I 
CATHERINO: Ca ther ino  from General  E l e e - x i c .  
The s t a t emen t  was made, a c t u a l l y  t h a t  yc~u repea ted  
t h e  second time, concerning t h e  e x t e n t  of  f ad ing  of'  a 
commercial cadmium p l a t e .  
Now I am s u r e  most of t h e  people  h e r e  unders tand 
it, b u t  f o r  t hose  who are n o t  aware of  it, t h e  s t a t emen t  should 
be taken  wi th  a  g r a i n  of s a l t .  
MAURER: I N  what s e n s e  w i th  a  g r a i n  o f  s a l t ?  
CATNERINO: This  b u s i n e s s  on u t i l i z a t i o n .  
A coinmercial p l a t e ,  a f t e r  be ing  cycled f ' o r  a 
i 
pe r iod  o f  t ime,  and the quoted f i g u r e  w a s  -- t h e  irr.plicc?tion 
was -- t h a t  a l l  commercial plates fade  t o  30 p e r c e n t ,  t o  4 0  
percen t .  W e l l ,  t h i s  i s n ' t  t r u e .  
. . 
MAURER: That  is r i g h t .  I agree  w i th  you. I 
The s p e c i f i c  commercial p l a t e  t h a t  I am t a l k i n g  
about faded 4 5  percen t .  I know o t h e r  commercial p l a t e s  fade 
d i f f e r e n t  amounts. I 
FORD: Yes? I 
RAMPELL:. Rampell, General  E l e c t r i c .  I 
You mentioned t h e  cadmium hydra t e  i n  t h e  s e p a r a t o r  I 
being  e l ec t rochemica l ly  unava i l ab l e .  
I agree  w i t h  you, b u t  t h e r e  i s  one t i m e  .:hat it 
becomes a v a i l a b l e ,  and t h a t  i s  du r ing  r e v e r s a l .  Yo-1 w i l l  I ! 
reduce a c e r t a i n  amount of  it, which w i l l  g i v e  you a s h o r t  
- I !  a f t e r  you go below ze ro  v o l t s  i n  many cases, and t h s t  adds t o  I i 
your so -ca l l ed  t o t a l  nega t ive  supply.  1 
1 
And t h a t  should be taken  i n t o  account  when people  
r e v e r s e  cells t o  g e t  t h e  t o t a l  nega t ive .  W e  found it 
p r e f e r a b l e  t o  remove t h e  s e p a r a t o r  and open up t h e  d i s t a n c e s  
between e l e c t r o d e s  i n  o r d e r  t o  g e t  an a c c u r a t e  nega t ive  
capac i ty .  
MAURER: These cells t h a t  t h i s  work was done on,  
were q u i t e  new, s o  t h a t  t h e  amount of  cadmium i n  t h e  
s e p a r a t o r  was n o t  app rec i ab l e  a t  t h i s  s t a g e ,  
-* 
Also,  t)le oxygen p r e s s u r e  hui ' ldup was f c l l owing  I 
I 
a l i n e a r  r e l a t i onsh ip ,wh ich  i n d i c a t e d  t h a t  t h e  c u r r e n t  w a s  I i 
n o t  Elowing through s h o r t s .  
RAMPELL: Now, one other i tem. 
2 11 ~ f t c r  you cycled t h e  c e l l s ,  or  else maintained i t  , II I i 3 on odercharge a t  110 degrees  f o r  about  a month, yoc developed 1 
4 a s u b q t a n t i a l  mount of i n a c t i v e  cadmium, and t h e r e c i t e r  you, I I 
more o r  l e s s  immediately went back 
6 / /  degree+ F a r e n h e i t ,  and of course ,  produced h igher  clharge 1 
i 
9 1 /  degree F a r e n h e i t  regime t o  a room temperature  r e q i n e ,  you 
7 
8 
. vo l t ayes  and h ighe r  p re s su re s .  . 1 
However, perhaps i f  you had gone from t h e  1 1 0  
1 2 1 1  and then  i f  you p u t  it on 20 degrees  F a r e n h e i t ,  you might 
10 
, 
13 n o t  have g o t t e n  t h e  same r e s u l t s .  I1 
I 
would have had a mechanism of  oxygen e n t e r i n g  i n t o  producing 
aga in  a more a c t i v e  cadmium e l ec t rochemica l  r e a c t i v e  cadmium, 
MAURER: That  i s  p o s s i b l e .  
Right .  I f  we had -- 
1611 RAMPELL: The r e a s o n  I am b r i n g i n g  it UF t o  you is ,  




:? 1 11 These t e s t s  have no cond i t i on ing  between one set  1 
i n  sa tel l i fe  a p p l i c a t i o n s ,  w h e r e  you have a cycling of 
I 
t emperature  and p r e s s u r e ,  t h e y  may n o t  have t h e  sane outcome 1 
I 
as was i n f e r r e d .  
I 
i 
. 1 of tempera tures ,  and t h e  o t h e r ,  and t h e  reason ,  of course ,  i s  , 
I 
at Reporters, IIIC.  I /  
:, 3 
24 
SULKES: J u s t  one q u e s t i o n .  
obvious,  t h a t  on t h e  te lephone p o l e  you c a n ' t  do any 
, 







When you r e v e r s e ,  you are  u s ing  t h i s  t e c l ~ n i q u e  of 
p i n c t u r i n g  the ce l l ,  i s  t h a t  how you a r e  do ing  t h a t . ?  
MAURER: We have a valve and p r e s s u r e  t r a x d u c e r  on 
t h e c q k l .  





t o  p recha rge ,  and my t a l k  is a l s o  r e l a t e d  t o  precharge, I : '  - ; t i  I 
e x t r a   plume i n i t i a l l y  evacua ted ,  and t h e  gas f lows i n t o  




1 1  
12 
13 
all thy t i m e .  
'. 
f . 1 FORD: Any o t h e r  q u e s t i o n s ?  ~ 7 " ~ - 2 8 6 6 6 ~  
On i n a c t i v e  cadmium, l o s s  o f  p recharge ,  high 
t empera tu re  s t e r i l i z a t i o n ? '  
Thank you,  D r .  Elaurer. 
7 - r ,  7 - t  
, t . ' S i n c e  t h e  f i r s t  s u b j e c t  was r e l a t e d  
I T h i s  data that I am going t o  presen t ,  r e s u l t e d  from: 
I 
7 I 
l 5  
16 
t hough t  it a p p r o p r i a t e  t h a t  I p r e s e n t  t h e  two s l i d e s  t h a t  I I 
have a t  t h i s  t i m e  f o r  d i s c u s s i o n .  
:20 11 cells  received. But I t h i n k  I need to back up a l i t t l e  b i t  
18 
19 
1 t o  g e t  you into t h e  r i g h t  frame of mind, Oi what t h e  s ta te  
a r e c e n t  b u i l d  of an 080 b a t t e r y , w h e r e  w e  a c t u a l l y ,  f o r  t h e  I I 
1 
\ 
f i r s t  t i m e ,  q u a n t i t a t i v e l y  measured t h e  p r echa rge  t h a t  t h e  
I 
1 o f  charge  o f  t h e  n e g a t i v e  e l e c t r o d e  w a s  p r i o r  t o  t h e  p recharge  22 11 I! 
2 3  11 adjustment, so we will go back t o  the formation or t h e  I 
, I  li e l sc t~rocher r \ i ca l  cleaning, whichever you. p re f e r  t o  c a l l  it, w h e r e  :24 i: 















1 1  
12 












I Repwtcfs, Inc. 
25 
c e l l s  w e r e  d ischarged t o  .75 v o l t s  t o  measure t h e  p o s i t i v e  
. . 
p l a t e  capac i ty .  
They then  had a r e s i s t o r  placed a c r o s s  t h e  ce l l  t o  
b r i n g  b t  down t o  l e s s  than  one-tenth of a v o l t .  ~ h e n l a l l  
c e l l s  i n  a series s t r i n g  were below t h i s  one- ten th  of a v o l t ,  
they were reversed  a t  C over 10 and t h e  r e v e r s a l  was t o  carry 
each oe'gl t o  a minus two-tenths o f  a  v o l t .  
Now, wi th  a l i t t l e  background on t h i s ,  we had 
seen  eome d a t a  p rev ious ly  where w e  had r eve r sed  cells t o  a  
minus a h a l f  a v o l t ,  and w e  f e l t  l i k e  from t h e  d a t a  w e  had 
a t  t h a t  p o i n t ,  t h a t  i h e  minus h a l f  a  v o l t  r e v e r s a l  d i d  
indeed have some e f f e c t  on c e l l  perfarmance. We a r e  no t  
s o  s u r e  Of, t h a t  today, s i n c e  t h e r e  are o t h e r  compl ic~a t ions .  ' 
Now i n  t h i s  ca se ,  t h e  nega t ives  were discharged 
a g a i n s t  t h e  p o s i t i v e s  i n  a f looded  b a t h  t o  minus twcl-tenths 
of a v o l t  on each cel l .  
I t  is i n t e r e s t i n g  t o  n o t e ,  b e f o r e  w e  d i d  t h i s ,  w e  
looked a t  t h e  amount of excess  n e g a t i v e  v e r s u s  v o l t a g e ,  and 
this minus two-tenths of a v o l t  r e p r e s e n t s  about 80 pe rcen t  
of  the excess  nega t ive  being i n  t h e  d i scha rge  s t a t e .   his i s  
80 p e r c e n t  p l u s  o r  minus approximately  5 p e r c e n t ,  which 
means t h a t  w e  l e f t  20 p e r c e n t  of t h e  excess .  Remember, I am 
say ing  excess  nega t ive ,  n o t  t o t a l .  nega t ive .  We l e f t :  about  
20 p e r c e n t  o f  t h e  excess  i n  t h e  clzarged state a t  thc? end of 
t h e  format ion d i scha rge .  
1 
Following t h i s ,  w e  p u l l e d  two samples f r o s  each 
l o t  of 50 c e l l s ,  and we d i d  a  -- we measured the r e s i d u a l  
precharge l e f t  p r i o r  t o  washing and dry ing .  
Out o f  10 samples w e  measured precharge i n  t h e  
amper@ hours  of 1.1 t o  2 . 3 .  
The reason I p o i n t  t h i s  o u t  i s  immediately fol lowinc 
washii~ij and d ry ing ,  w e  p u l l e d  10 more samples o u t  of' t h e  l o t ,  
and t h e  precharge a s  measured, which w e  -- I am s u r e  most 
of yoy have seen  t h e  term (ml!) t h e  prechargc: was mea- 
sured  t o  be zero,  s o G t h e  ques t ion  a r i s e s ,  what happtbns t o  t h e  
I precharge t h a t  remains i n  t h e  nega t ive  a t  t h e  end 0:: t h e  
I 
format ion d i scharge?  Why c a n ' t  you measure t h a t  a£-zer 
13 11 washing and drying? 




.s t h a t  i n  a f looded c o n d i t i o n  i n  a C over  2 r a t e .  I 
The nex t  s t e p ,  after reassembling t h e  p l a t e  for 
t h e  f l i g h t  hardware i n t o  cel ls ,  KOH was added, and then  t h e  
c e l l s  were sub jec t ed  t o  a precharge  adjustment  cyc l e .  One 
p o i n t  on t h e  a d d i t i o n  of KOH. 
1 
i perhaps w e  can d i s c u s s  it a l i t t l e  la ter .  
The r e v e r s a l  I am t a l k i n g  about  f o r  measuring t h e  





i f  you i n i t i a t e  t h e  precharge  adjustment  i n  a verys  s h o r t  
t ime pe r iod  after t h e  a d d i t i o n  of KOH, and u s i n g  the precharge 1 







of precharge than  you would i f  the  c e l l  had soaked for  a t  l e a s  
two or  t h r e e  h o u r s .  
3 
4 
it has been used on a l l  OAO b a t t e r i e s  
The precharge c y c l e  c o n s i s t s  of a ven ted  charge 
f o r  a given ampere hour i n p u t .  The reason t h i s  method was 
6 11 been a s s o c i a t e d  w i i h .  
t h a t  I have 
And I termed t h i s  i n i t i a l  precharge c y c l e  a s  a ' 1 
v i r g i n  cyc l e .  The virgin cycle being def ined  as the! f i r s t  
I/ c y c l e ' a f t e r  t h e  a d d i t i o n  of KOH. 9 
W e  have f u r t h e r  d a t a  now t h a t  s a y s  t h a t  you get 
1 
1 1  d i f f e r e n t  r e s u l t s  i f  you do t h e  precharge on the v:.rgin 
-- 12 I! c y c l e  o r  do it one c y c l e  l a t e r ,  which we c a n ' g e t  i n t o  t h a t  
because they  a r e  a l l  s u b j e c t ,  t hey  a r e  all s u b j e c t  t o  
13 
14 
16 cont roversy  and I a m  s u r e  o t h e r  people  h e r e  w i l l  h3ve had 
l a t e r .  
I want t o  p o i n t  t h e s e  t h i n g s  o u t  as w e  qo along,  
II e f f e c t s  on overcharge a s  a f u n c t i o n  of precharge.  . 19 
17 
18 
II Now what w e  d i d ,  r a t h e r  t han  change t h e  p roces s  20 
exper ience  t h a t  may c o n t r a d i c t  t h i s .  
. A t  t h i s  t ime ,  though, I would like t o  show you t h e  
a s  most of you people  t h a t  work wi th  f7 . i ,ght  hardware progxavs 
2 1 
know, you w i l l  do anything t o  p reven t  from changing a p rocess  
2 2 I 
t h a t  has  been q u a l i f i e d .  So, i n  o r d e r  t o  p reven t  t h i s ,  we 
23 I/ t o o k  t h e  next  best s tep  and w e  set up appa ra tus  w i t h  t h e  
24 
1: 
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I 24 I1 1 RcForters, In:. /; 
I C o u l d  I have t he  first s l i d e ,  p lease?  
I 
( S l i d e . )  
I t h i n k  w e  should dwell on t h i s  s l ide  for several 
minutes ,  because I have t r i e d  t o  portray s e v e r a l  t h i n g s  here .  
On t h i s  a x i s  you h a e t h e  ampere hours of precharge 
as determined by measuring t h e  oxygen involved dur i r .g  t h e  
precharge adjustment .  T h i s  i s  ampere hours equ iva l en t  
c a l c u l a t e d  by knowing t h e  f r e e  volume of  t h e  ce l l  a r ~ d  how 
much oxygen w a s  involved.  
On t h i s  a x i s  you have t h e  c e l l  p r e s s u r e  a t  a 
func t ion  of precharge,  and t h i s  test, t h e  p r e s s u r e  t .hat  i s  
shown h e r e ,  is  t h e  r e s u l t  of a 2 . 3  amp $-hour overcharge a t  
32 degrees  C. 
As p a r t  of t h e  s t anda rd  ce l l  s e l e c t i o n  test i n  
s e l e c t i n g  c e l l s  or .  matching cel ls  t o  go i n t o  f l i g h t  b a t t e r y  
w e  have  three overcharge  tests, o n e  at room temperallure,  
one a t  40  degrees  F and one a t  9 2  degrees  F ,  I be l i eve .  
The wors t  case p r e s s u r e s  observed were ai: 9 2  F 
or  t h e  32 C as shown here .  And t h i s  i s  t h e  r ea son  :i chose 
t h e s e .  
But,  be fo re  we d i s c u s s  t h e  e f f e c t s  of  t h e  p re s su re ,  
you have h e r e ,  i f  you w i l l  n a t e ,  t h i s  r e p r e s e n t s  a c e l l ,  i I 
I 
that r e p r e s e n t s  a second c e l l  and t h e  t o p  l i n e  r e p r e s e n t s  a I 
! 





















I Reporter;, Inl:. 
25 
a x i s ,  you w i l l  s e e  w h a t  t h e  d i s t r i b u t i o n  o f  precharcje was on 
. - 
t h e s e  number of cel ls  f o r  a  f i x e d  ampere hour  i n p u t .  I t  s a y s  
o u r  p r e c h a r g e  ranged from one t o  approx imate ly  f i v e  ampere 
hours .  
I n c i d e n t a l l y ,  I p l o t t e d  t h e s e  t o  b e  -- r e p r e s e n t  
-- each b l o c k  t o  r e p r e s e n t  h a l f  an  ampere hour .  Thai: i s  
' t h e  r a s o n  I d i d  t h i s  t o  s i m p l i f y  t h e  g raph .  
So a s  you see, t h e  r e s u l t s  was q u i t e  a r a n g e  of 
p r e c h a r g e  and i t s  e f f e c t  is  t h a t  as a p r e c h a r g e  was less, 
t h e  p r e s s u r e s  on t h e  overcharge  were h i g h e r .  I n  t h i s  c a s e  
w e  had two cel ls  g r e a t e r  t h a n  90  and each  one of t h e s e  b l o c k s  
w e  had one  ce l l  g r e a t e r  t h a n  90 PSIG. 
As t h e  p r e c h a r g e  i n c r e a s e s ,  it is  q u i t e  cbbvious 
t h a t t h e  o v e r c h a r g e  p r e s s u r e s  d e c r e a s e .  And I can p o i n t  t h i s  
o u t  by s a y i n g  i f  you w i l l  s imply  compare t h e  number o f  u n i t s  
t h a t  i s  r e p r e s e n t e d  i n  t h i s  b l o c k ,  compared w i t h  t h e  number 
of u n i t s  r e p r e s e n t e d  i n  t h i s  b l o c k ,  it is  n o t  one of' a 
s t a t i s t i c a l  d i s t r i b u t i o n , t h e  f a c t  is t h a t  you do ha\re more 
u n i t s  h e r e .  
Now f o r t u n a t ' e l y ,  w e  o n l y  had a c o u p l e  of u n i t s  t h a t  
g o t  up t o  f i v e  ampere h o u r s  o f  p r e c h a r g e .  Why!-do I s a y  
f o r t u n a t e l y ?  Simply becm3use o f  t h e  f a c t  t h a t  I b e l i c w e  for  
low t e m p e r a t u r e  a p p l i c a t i o n ,  ' h i g h  l e v e l s  of  p r e c h a r g e  i s  
the most d e t r i m e n t a l  t h i n g  that you c a n  have, The excess 
n e g a t i v e  on t h i s  g roup  05 c e l l s  was i n  t h e  r a n g e  of 8 t o  1 2  
, I  Rei~ortets, Inc. 
25 
ampere hours.  
If you . look  a t 5  ampere hours ,  5 o u t  of B is  a 
p r e t t y  l a r g e  percentage of t h e  excess  nega t ive  be ing  used i n  
t h e  precharge.  
I n  another  t e s t  t h a t  fol lowed t h i s ,  we used t h i s  
d a t a  and s a i d  w e l l ,  it looks t o  be t h a t  i d e a l l y  t o  g e t  p r e s s u r  
u n i f o m i t y ,  t o  g e t  t h e  overcharge c h a r a c t e r i s t i c s  t h a t  y o u .  
would l i k e ,  and y e t  t o  s t a y  i n  t h e  lower 50 p e r c e n t  o f  t h e  
exces8 nega t ive  t o  prec:harge, t h a t  you could use  a b m t  
3 1/2 ampere hours of  t:he nega t ive  as precharge.  
So ,  t o  fo l low t h i s  w e  c a r r i e d  10 ce1l.s t ' lrough 
us ing  a c o n t r o l l e d  precharge.  The i d e a  was, t h a t  i f  we 
could c o n t r o l  t h e  m o u n t  of p recharge  and n o t  change t h e  
p roces s ,  t hen  w e  could b r ing  ou r se lves  i n t o  t h i s  group. 
However, it has .been observed t h a t  on t h i s  
p a r t i c u l a r  precharge technique du r ing  t h e  charg ing  pe r iod ,  
t hak the  cell v o l t a g e s  were f a i r l y  h igh ,  I t h i n k  w e  t y p i c a l l y  
s a w  end of charge volta.ge like 144, 145, and it was a l s o  
observed t h a t  t h e r e  w a s  some c o r r e l a t i o n  between t h e  ampere 
hours  o f  precharge and t h e  end of charge vo l t age .  : C t  was 
n o t  s u f f i c i e n t  t o  u s e  i t  a s  a gu ide  . . - -  t o  s e l e c t  or t o  
p r e d i c t  what t h e  precharge l e v e l  would be. 
So on 1 0  c e l l s  w e  decided t o  try an expeziment.  
We c a r r i e d  t h e  10 cel ls  through and w e  took o u t  e x a c t l y ,  
o r  approximately 3 1 / 2  ampere hours of precharge on -the 1 0  
;. c e l l s .  
~ o w k v e r ,  we tried a d i f f e r e n t  method, b e c m s e  
we wanted t o  be a b l e  t o  c o n t r o l  o r  l i m i t  t h e  amount of pre- 
charge w e  obta ined.  W e  used t h e  same charge rate, s3 as a 
conseqqence, t h e  t ime had t o  change. 
The a d d i t i o n a l  change t h a t  we made was t h a t  w e  
went t h r o u g h  a s e a l e d  charge on t h e  v i r g i n  cyc l e .  One 
charge C over  1 0 ,  2 4  hours C over  2 d i s cha rge  i n  one v o l t .  
And then w e  s e t  t h e  precharge on t h e  second cyc le .  
W e  used the two methods. One was what I c a l l e d  
oxygen f r e e  ven t ing ,  when we c o l l e c t z d  the amount o fgas ,  as we 
d i d  i n  t h e s e  cells. But w e  l i m i t e d  t h e  t i m e  that we s t ayed  
on charge,  i n  order t o  g e t  iipproxirnately 3 1/2 ampere hoars 
of precharge.  Tha t  was t h e  f i v e  o u t  of t h e  t e n  c e l l s .  
F ive  more o f  t h e  t e n  c e l l s  w e  used what n t e  have 
r e f e r r e d  t o  a s  incrementa l  p r e s s u r e  ven t ing .  You charge 
the cell up, you go into overcharge, and you, as t h e  
p r e s s u r e  b u i l d s  up, you ven t  t h e  p r e s s u r e  o u t .  
As t h e  r e s u l t s  of t h e  t e s t s  o f  t h e s e  t e n  cells -- 
f i r s t  o f  a l l ,  I t h i n k  it i s  s a f e  t o  'say t h a t  t h e r e  bras no 
d i . f fe rence  i n  t h e  overcharge p r e s s u r e s  us ing  t h e  two methods. 
* 
The overcharge p r e s s u r e s ,  however, on a l l  t e n   cell^,^ had 
s h i f t e d  from a minimum of  about 31 up t o  68.  I have - a  
graph t h a t  I: think I can p u t  on l a t e r  on t h i s  machine. 
The point I want ts ~ a k e  i s  t h a t  we did observe 
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t h a t  by a d j u s t i n g  t h e  p r e c h a r g e ,  n o t  on t h e  v i r g i n  c y c l e  b u t  
on  t h e  s e c o n d - c y c l e ,  and t o  o u r  knowledge, t h i s  i s  t h e  o n l y  
d i f f e r e n c e  because  it i s  t h e  same p l a t e  l o t  t h a t  came o u t  o f  
t h e  same fo rmat ion  group e t  c e t e r a .  T h i s  i s  t h e  o n l y  
d i f f e r e n c e  t h a t  caused the pres su re  t o  i n c r e a s e .  
A f t e r  w e  concluded t h i s ,  w e  d e c i d e d  t h a t  w e  
s h o u l d  t a k e  a look  and see what t h e  r e s u l t s  o f  measur ing  t h e  
p r e c h a r g e  would show. 
I t h i n k  o f  a 1 1  t h e  t h i n g s  I have  s e e n  i n  working 
w i t h  b a t t e r i e s ,  t h i s  i s  t h e  most misunders tood p i e c e  of  
i n f o r m a t i o n  t h a t  I have  come a c r o s s .  
(slide.)@ 
T h i s  is  a summary of measuring t h e  -- of t h e  
p r e c h a r g e  measurement a s  w e  define TN-1, and l e t  me r e i t e r a t e  
what TN-1 is.  TN-1 i s  t h e  ampere hour  c a p a c i t y  t h a t  w e  can  
measure i n  t h e  cel l  between z e r o  v o l t s  and minus one v o l t .  
Supposedly t h i s  i s  t h e  ampere hours  of  p r e c h a r g e . i n  t h e  c e l l .  
Because of  some p r e v i o u s  work w e  had completed a t  
Goddard p r i o r  t o  t h i s  p r o d u c t i o n ,  w e  had obse rved  t h a t  t h e  
number was a f u n c t i o n  a f  whe the r  t h e  cel l  was f l o o d e d  or d r y ,  
it was a f u n c t i o n  o f  t h e  r a t e  you used.  
. 
As a r e s u l t  you see t h e  2-an~p and t h e  10-amp d a t a ,  
t h e  s t a r v e d  v e r s u s  t h e  f l o o d e d .  
It is  f u r t h e r  c h a r a c t e r i z e d  t o  TN-1 measxed 
immedia te ly  f o l l o w i n g  precharrgre a d j u s t m e n t .  I n  0 t h  2r words, 
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a f t e r  t h e  precharge:  were s e t  i n  t h e  c e l l  by the a c t i o n  
ven t ing  and c b i l e c t i o n ,  w e  d i scharged  the c e l l  and proceeded 
t o  r e v e r s e  it. 
The second was c e l l s  t h a t  were p u l l e d  upon 
completion o f  a l l  e l e c t r i c a l  t e s t ,  i nc lud ing  cel l  s e l e c t i o n s .  
This  is a c e l l  a s  it would go i n t o  a f l i g h t  b a t t e r y ,  
I c a l l  your a t t e n t i o n  aga in ,  you see t h e  range 
of precharge,  and you s e e  some numbers h e r e  t h a t  dici n o t  
appear i n  t h e  prev ious  graphs, simply because t h e s e  n w b e r s  
were n o t  i n d i c a t i v e  of  t h e  f l i g h t  hardware. 
These two cel ls  were some of t h e  f i r s t  test cells 
t h a t  went through t o  look a t  t h e  technique  fox measuring or  
c o l l e c t i n g  t h e  gas  t o  determine how much precharge  ::here was. 
I f  you look back i n  t h e  h i s t o r y  of t h e  cc?l ls ,  t h e r e  
was a r e l a t i v e l y  s h o r t  s t a n d  t i m e  between t h e  t i m e  .:he c e l l s  
were a c t i v a t e d  and t h e  t i m e  t hey  w e r e  p u t  on cha rge ,  f o r  t h e  
initial precharge adjustment. 
I c a l c u l a t e d  t h e  percen tage  of precharge t h a t  
w e  a c t u a l l y  measured, based on t h e  ampere hour equ iva l en t  
c a l c u l a t e d  from t h e  g a s  t h a t  was involved.  And a s  you n o t e ,  
t h e r e  i s  some c o r r e l a t i o n  here a s  lowas 2 8 ,  as h igh  as 88 
pe rcen t .  
But when you g e t  t o  a f i n i s h e d  cell, a c e l l  t h a t  
has  gone through approximately two t o  three weeks 0:: t e s t i n g ,  
you f i n d  t h e  c o r r e l a t i o n  is even poorer. IN one case you 
. . 
Now, what does t h a t  mean? I a m  n o t . s u r e  I 
11 unders tand it today.  
What t h i s  t e l l s  m e  is  t h a t  t h e  test  is  no good. i I
! 
i 
i There has  g o t  t o  be a b e t t e r  bray of doing t h i s ,  And I hope i 
i 
6 11 people sere have some i d e a s  about  t h i s .  j i 
W e  do have one glimmer of hope, and t h a t  i s ,  I 
I 
p o i n t  o p t  a l l  t h e s e  measurements, t h a t  p recharge  were made 
911 w i t h  t h e  plates  in t h e  case. I n  o t h e r  words, t h e  c e l l  was i 
1 0 ;  s t i l l  s e a l e d  i n  t h e  s ense  t h a t  it v~as  vented ,  b u t  w e  j u s t  I 
opened t h e  -- took t h e  va lve  off a t  t h e  Swagelok f i t t i n g ,  
f looded it w i t h  t h e  e l e c t r o l y t e  and r a n  t h e  test i n  t h a t  
cond i t i on ,  
There is  some d a t a  t h a t  now i n d i c a t e s  th i i t  i f  you 
. - . p u l l  t h e  ce l l  o u t  of  t h e  case, r u n  it, as I b e l i e v e  t h e  
gentleman from General  E l e c t r i c  suggested,  you run :Lt i n  an 
open flooded container, that these numbers will be rnore 
i n d i c a t i v e ' o f  what t h e s e  say it should be, 
The one t h i n g .  I a m  concerned w i t h  today,  i s  t h e  I ! 
i f a c t  t h a t  w e  are t a l k i n g  about  g e t t i n g  t h e  b e s t  ba tke ry  l i f e  
i a t  ze ro  t o  28  degrees  C o p e r a t i o n ,  And I have n o t  !Seen anyone; 
I 
I point out that I am very much aware, being t h e  I I 
Repc~rlers, lnc. ) /  I 
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t h e y  d i d  a s tudy  o f  c h a r a c t e r i z a t i o n  of c o n t r o l  and 


















. :, 1 
22 
:23 1 
2 4  1 
sl  Reporters, Inc. 
I ;!5 i 
I 
i 
recombinat ion  of e1ect:rodes. They tested a t  25  and 4 0  
d e g r e t s  C and t h e y  were a b l e  t o  show t h a t  t h o  c y c l e  c a p a b i l i t y  
a t  t h g s e  c o n d i t i o n s  t h e y  were t e s t i n g  a t  h i g h  depths, was I 
However, I do n o t  b e l i e v e  a t  t h i s  d a t e  t h a t  t he  1 I 
same thing h o l d s  true a t  low tempera tu re .  1,feel the  most  1 .  
i m p o r t a n t  c h a r a c t e r i s t : i c  t h a t  you have t o  d e a l  w i t h  f o r  low 
t e m p e r a t u r e  a p p l i c a t i c ~ n s ,  i s  m a i n t a i n i n g  a v e r y  l a r g e  excess 
of uncharged n e g a t i v e  i n  t h e  cel l .  
And w i t h  t k a t ,  I w i l l  conclude .  
(Applause. ) 
Now, I w i l l  p u t  on t h e  o t h e r  h a t . .  
Any ques t iclns? I i
Y e s ,  Jim? 
\ 
. . I  DUNLOP: One q u e s t i o n ,  why i s  it t h a t  you d o n ' t  , 
think you can reverse that cell, and  yet *'- e l e c t ~ : o c h e m i c a l l y  
measure t h e  p r e c h a r g e ?  
FORD: Well, it i s  n o t  a f a c t  t h a t  I d o n ' t  t h i n k  I 
c a n  d o  it. I know I c a n ' t  d o  i t  i n  some c a s e s ,  Jim. I 
DUNL@: Do you have  any k i n d  of a r e a s o n  o r  
e x p l a n a t i o n  as t o  what you t h i n k  is happening? 
FORD: W e l l ,  I could g i v e  you one ,  b u t  i t :  w o u l d n ' t  
be mine,  and I would prefer t o  i n v i t e  t h e  gentlemar.  t h a t :  I I 
explained it to me -- I think he al iudcd  to it. a minute  &go. 1 i 
?rat f:epor lers, inc. 
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RAMPELL: 3:he s e p a r a t o r  i s  loaded wi th  cadmium 
. - 
hydrate .  
DUNLOP: X S I  t h a t  a new ce l l ,  o r  i s  t h i s  t h e  ce l l  
t h a t  bas been cycled f o r  a long per iod?  
I g o t  t h e  i d e a  theso .were  new cells .  
RAMPELL: 1:f t h e  c e l l  has  been cyc led  a f e w  t i m e s ,  
f o u r  qr f i v e  c y c l e s ,  you are a l r e a d y  p r e t t y  w e l l  loaded w i t h  
cadmlym hydra te .  You can prove that t o  your se l f  b y  opening 
up t h e  cel l ,  t a k i n g  o u t  t h e  s e p a r a t o r ,  p u t t i n g  it i n  b a s i c  
KOH and some sodium s u l f i d e .  The s e p a r a t o r  w i l l  t u r n  canary 
yel low,  showing t h e  cadmium s u l f i d e  d i s t r i b u t i o n  throughout  
t h e  s e p a r a t o r .  It i s  t h e r e  p r e t t y  qu ick ,  
Now, as you s tar t  t h e  r e v e r s a l ,  and a c t u a l l y  g e t  
below zero v o l t s  where you a r e  g e n e r a t i n g  hydrogen f r o m  
t h e  p o s i t i v e  e l e c t r o d e ,  o f  cou r se  e l e c t r o n s  a r e  going o v e r ,  
t h e s e  e l e c t r o n s  w i l l  3 ; t a r t . t o  reduce t he  cadmium hydra t e  
a d j a c e n t  t o  t h e  p l a t e  on a s e p a r a t o r ,  and you will s tar t  
drawing cadmium d e n d r f ~ t e s ,  j u s t  l i k e  you do i n  z i n c ,  and 
you w i l l  g e t  p a r t i a l  :3horts. Some of them can be q u i t e  complc 
Now n a t u r a l l y ,  t h e  o l d e r  t h e  cell  g e t s ,  f o r  example 
a t  t h e  p o i n t  of cell  s e l e c t i o n  t h a t  Floyd had up there, 
your s e p a r a t o r  is r e a l l y  loaded and you can  g e t  a good s h o r t  
p r e t t y  Eas t .  
L e t  m e  c l a r i f y  a p o i n t  with the 
Could I have t h e  l a s t  s l i d e ,  please? 
last b3.i.de. 
1 
' (S l ide .  ) 
' . .  
The numbers I showed f o r  TN-1 a r e  t h e  ampere hours  
measured i n  t h i s  column he re ,  i s  t h e  ampere hours  t h a t  w e  
measured t o  minus one val t . .  
A l l  t h e s e  cells were capable  o f  be ing  reversed .  
I t h s  on ly  been i n  s i t u a t i o n s  where t h e  c e l l s  had r ece ived  som 
c y c l i n g  and i n  some c a s e s ,  ex t ens ive  cyc l ing .  W e  j u s t  
r e c e n t l y  experienced a c e l l ,  a f t e r  about  3500 cycles a t  
20 degrees  C ,  e x h i b i t  t h i s  c h a r a c t e r i s t i c .  The same c e l l ,  I 
when p u l l e d  o u t  of t h e  ca se ,  w i thou t  removing t h e  s e p a r a t o r ,  
I may p o i n t  o u t ,  t h e  same ce l l ,  when p u t  i n  a f looded  ba th ,  
is  capable  of being reversed .  
I c a n ' t  h e l p  b u t  b e l i e v e  t h a t  i t  i s  a l s o  a  
@ 
f u n c t i o n ,  it is  p a r t l y  due t o  t h e  cadmium mig ra t ion  i n : t h e  
s e p a r a t o r ,  , b u t  it is  also a  f u n c t i o n  o f  t h e  p r e s s u r e  t h a t  I 
b u i l d s  up i n  t h e  c e l l  over  the. l i f e t i m e &  t h e  cell .  
W e  have some numbers. t h a t  i n d i c a t e  now i n  t h a t  I 
p a r t i c u l a r  ce l l ,  u s ing  t h e  numbers on p l a t e  t h i c k n e s s  e a r l y  
-- a t  l e a s t  on, c a l l  them v i r g i n  p l a t e s  -- compared wi th  
t h e  p l a t e s  t h a t  came o u t  of  t h a t  c e l l , . i t  s ays  t h a t  i f  you 
t a k e  t h e  expansion of t h e  p o s i t i v e  p l a t e s  ove r  t h e  t o t a l  I i 
number of p l a t e s  i n  the  ce l l ,  ' . . -. a t  3500 c y c l e s  
w e  have another  Ej0sitiv.e p l a t e  i n  t h e r e , t h e  e f f e c t  t3n 
th i ckness .  That i s  what i t  art~ounted to',' i 
I 
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MAURER: J u s t  a q u e s t i o n  on, when you set t h e  
precharge, you say  free v e n t i n g ,  you mean t h a t  you open the 
c e l l s  t o  t h e  atmosphere and allow t h e  oxygen t o  escl'lpe? 
FORD: I n  t h i s  case, t h e  free ven t ing ,  it w a s  
o p e n ' t o  atmosphere p r e s s u r e ,  w e  c o l l e c t e d  t h e  gas i l l  graduated 
c y l i n d e r s ,  by d i s p l a c i n g  water .  
FLEISCHER: I am a l i t t l e  confused about your l a s t  
s t a t e m e n t  dur ing  your talk about  t h e  need for precharge, o r  
the  la+^ of  need f o r  precharge.  
I t  might be a good idea to e x p l a i n  why WE! do p u t  
precharge i n t o  t h e s e  cells. 
FORD: My unders tanding on why w e  do o r  why w e  
didn' t? 
(Laughter. ) 
. FLEISCHER: W c ? l l ,  l e t ' s  have a s t a r t i n g  p o i n t .  
(Laughter . ) 
FORD: Okay. It is my b e l i e f  that precharge was 
p u t  i n t o  t h e  ce l l  t o  o f f ' s e t  t h e  effect o f  nega t ive  c a p a c i t y  
f ad ing  . 
FLEISCHER: But there i s  more t h a n  t h a t .  
I n  o r d e r  t o  get c a p a c i t i e s  a t  h igh r a t e s ,  t h a t  
you are running t h e s e  cells a t ,  we w i l l  s a y  a t  C over  2 and C 
r a t e ,  you have t o  have more a c t i v e  nega t ive  t h a n  you do posi- 
t i v e .  As your temperature  goes down, t h e  r a t i o  of active 






















Actua l ly  a t  minus 4 0  i n  a f looded cel l  you should 
be a t  a  r a t i o ' o f  1.8. So t h e r e  i s  a very  d e f i n i t e  reason  f o r  
having precharge,  and I' t h ink  t h i s  i s  accepted among a l l  
b a t t e r y  manufacturers  a s  f a r  as I know. 
The reason f 'or precharge i s  t o  a l low f o r  t h e  h i s h  
r a t e  d i scha rge  and f o r  low temperature  o p e r a t i o n s .  
So you cou ldbn l t  very  w e l l  be w i thou t  it u n l e s s  you 
have a very  low r a t e  cell1 f o r  ope ra t ion .  
FORD: Oh, I am no t  sugges t ing  w e  do wit l lout  it 
completely.  
I am sugggt ing t h a t  w e  minimize t h e  a m o u ~ ~ t  t h a t  
w e  p u t  i n  t h e  cel l  f o r  -- and i n  p a r t i c u l a r  maybe even t a k e  
i n t o  c o n s i d e r a t i o n  t h e  a p p l i c a t i o n  o f  t h e  ce l l  and ]low much 
precharge.  
There  i s  no ques t ion  i n  m y  mind t h a t  i f  you g o t  an 
a p p l i c a t i o n  from 25  t o  40 degrees  C ,  t h a t  you had b e t t e r  be 
blessed with precharge if you want that cell to lasi;. 
B u t  on t h e  o t h e r  hand, i f  you have got an 
a p p l i c a t i o n  from zero t o  2 0 ,  you d o n ' t  have t o  have a s  much 
precharge.  You want t o  main ta in  your overcharge c a p a b i l i t y .  
Y e s ,  D r .  Maurer? 
MAURER: I: wonder if I could 'drag t h e  portablct 
i 
mike t o  t h e  board? 
FORD: Okay, be my gues t .  
BLIUIZBR: I i l~ ree  wi th  you t h a t  f o r  low-tcbmperature 
a p p l i c a t i o n  we need cad.rnium hydroxide on t h e  n e g a t i w . .  
. - 
And, l e t ' s  s e e ,  M e 1  Gotfleib a t  BTL around 1 9 6 4 ,  
o r  1 9 6 5 ,  p resen ted  a paper  i n  which he shows t h e  po:Larization 
r e t u r n  a s  a func t ion  of' r a t e .  And f o r  low rates you g e t  
curves  t h a t  look l i k e  t .h i s ,  where t h i s  s t e p  occurs  around 
100 percen t .  And a s  yctu g o t  t o  lower r a t e s ,  t h e s e  :step back,  
so t h a t  t h e  h igher  t h e  charging r a t e ,  t h e  l e s s  capac i ty  you 
4 
can get i n t o  t h e  nega t ive  before you go t o  hydrogen 
evo lu t ion .  
~ h e s e  same s o r t  of curve would. apply t o  the  same 
. , 
of t h e  nega t ive  e lect rc lde  ve r sus  t h e  pe rcen t  capaci-:y 
i 
r a t e ,  b u t  lower temperzitures, and s o  t h e  lower t h e  temperature1 
you go, t h e  sooner you g e t  i n t o  t h i s  s t e p .  So i f  y3u p l a n - t o  
4~~ 
use  your c e l l  a t  minus 20 ,  then  you need a g r e a t e r  amount 
1511 of  excess  nega t ive  than you do i f  you on ly  p l an  t o  3perat.e a t  I 
room temperature.  
.l6Il 
The precharge,  on t h e  o t h e r  hand, i s  t h e r e  for I 
s e v e r a l  r ea sons ,  and Dennis Turner r e p o r t e d  i n ' 6 4 ,  I guess ,  I 
; I  Rqx~rteis, Inc. 
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in t h e  Jou rna l  o f  Electrochem Technology, a s tudy  of  t h e  
e f f e c t a o f  precharge on f l a t  p l a t e  and c y l i n d r i c a l  c e l l s ,  and 
showed t h a t  t h e  oxygen p r e s s u r e  was a s t r o n g  f u n c t i o n  of 
precharge i n  t h e s e  c e l l s .  And a l s o  t h a t  t h e  p r e s s u r e  t h a t  
you g e t  t o  for a g iven  s t a t e d  amount o f  p recharge ,  depends 
on whether you do o r  what you do t o  t h e  ce l l .  




2: 1 a f looded p l a t e ,  i s n t  t .:hat correct? I 
cel l  by e i t h e r  t ak ing  o u t  oxygen o r  adding it, you have g o t  a 
h y s t e r e s i s  going down. You have g o t  a curve t h a t  looked 
l i k e  t h i s ,  and going up, a curve t h a t  looks  l i k e  t h i s .  
And fur thermore,  i f  you s t o p  a t  t h i s  point:, and 
cyc l e  t h e  c e l l  f o r  a whi le  you w i l l  f i n d  t h a t  t h e  pressure 
drops  t o  t h i s  p o i n t .  
So t h a t  i n  a d j u s t i n g  t h e  s t a t e  of charge of  t h e  
c e l l ,  you need t o  do cyclling b e f o r e  you make measure~nents 
on parameters l i k e  p r e s s u r e  o r  c e l l  vo l t age .  
And of  c o u r s e r t h e  o t h e r  reason  f o r  p recharge ,  as  
L 
I d i scussed  b e f o r e ,  and t h a t  Dunlap has  shown i n  t h e  GE 
r e p o r t , h a s  shown, t h a t  t h e  precharge  i s  p u t  i n  t o  account  
f o r  t h e  fad ing  of  t h e  nega t ive  c a p a c i t y ,  which i s  a d i f f e r e n t  
amount, depending on who manufactured the cel l .  
I N  one c a s e  fr?e measured 45. 9: guess  GE has  
something l i k e  6 0  o r  something l i k e  t h a t ,  a s  a minimum c a p a c i t l f .  
DUNLOP : J u s t  one comment. 
The d a t a  t h a t  G o t t l e i b  has  t h e i e ; ,  t h a t  was done w i  
Rep~rterr., Inc . 







MAURER: Y e s .  
FORD : Any o.:her ques t ions?  
1 
i 
one on t h i s  scale r e p r e s e n t s  no prccharge ,  and t h i s  krould be 
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numbers of precharge a p p l i c a b l e  t o  a l l ,  o r  i s  t h i s  going t o  
. . 
have t o  be custom t a i l o r e d ?  
MAURER: I w i l l  make one answer. I w i l l  say it 
has  t o  be custom t a i l o r e d .  
FORD: I w i l l  agree  wi th  t h a t .  
I t h i n k  t h e  problem i s  t h a t  -- one o f  t h e  problems 
-- t hey  have s e v e r a l  - -  i s  t h a t  t h e r e  a r e  s o  many o t h e r  
v a r i a t i o n s  i n  t h e  c e l l  parameters t h a t  a f f e c t  c h a r a c t e r i s t i c s .  
A s  t h e  f i r s t  graph c l e a r l y  shows, t h e r e  i s  r e a l l y  no 
exp lana t ion  a t  t h i s  p o i n t ,  a t  l e a s t  I d o n ' t  have one,  why 
ririth-i l / 2  ampere hours  o f  p recharge ,  you g e t  t h e  spread  i n  
p r e s s u r e  from say  20 t o  over  100 PSIG, 
I t h i n k  a t  t h a t  p o i n t  t h e  e f f e c t  of precharge i s  
secondary,  and t h e s e  o t h e r  f i r s t  o r d e r  e f f e c t s .  
So y e s ,  I d o n ' t  t h i n k  w e  can say f o r  a 1 2  ampere 
hour c e l l  -- I t h i n k  we should even i t a i l o r  it f o r .  t h e  applies 
t i o n ,  too .  For synchronous o r b i t  I t h i n k  you have a d i f f e r e n t  
need f o r  p recharge  than  you do .on a nea r  e a r t h  orb it. 
I t h i n k  w e  a r e  g e t t i n g  i n t o  t h e  e r a  of  t a i l o r  
making cells t o  f i l l  an  a p p l i c a t i o n .  Unfor tuna te ly ,  w e  d o n ' t  
have t h e  technology t o  do  t h a t  a t  t h i s  s t a t e .  
UNGER: Unger, Goddard, Space F l i g h t  Center .  
I d id  a l o t  of t h i s  work t h a t  Floyd i s  t a l k i n g  
about  a s  far as t h e  mechanics o f  measuring t h i n g s .  ~ut'what 
I w a n t  to say i s ,  ri'gh~ now to rcomphasize what  Floyd j u s t  
s a i d  about  t a i l o r  making cells.  
. . 
I th ink  i n  g e n e r a l ,  p a r t i c u l a r l y  i n  t h e  h i s t o r y  of 
1 s p a c e c r a f t  c e l l s ,  w e  have been o p e r a t i n g  w i t h  c e l l s  t h a t  I 
were fat, c e l l s  t h a t  had two t o  one nega t ive  t o  p o s i t i v e  
1 a v a i l a b l e  m a t e r i a l  of r a t i o s .  Also c e l l s  where w e  on ly  I 
' 
used t h e  t o p  f i v e ,  t e n ,  f i f t e e n  pe rcen t  of t h e  c a p a c i t y  
1 i n  c y c l i n g  and under t hose  cond i t i ons ,  I t h i n k  1:hat we 
I I 
g o t  away w i t h  a  l o t  of -- w e l l .  I d o n ' t  want t o  cal:L them I 
I I 
' h i t  o r  m i s s ,  j u s t  c a l l  them e m p i r i c a l  o p e r a t i o n s ,  where I 
we d i d n ' t  know j u s t  how much of t h e  a c t u a l  m a t e r i a l  i n  t h e  
p l a t e s  w a s  a v a i l a b l e  fclr varkous types  of  t h i n g s ,  e . i t he r  
e l e c t r i c a l  c y c l i n g ,  o r  oxygen recombinat ion,  o r  what have you. 
W e  d i d n ' t  krlow p r e c i s e l y  what t h e  r e l a t i v e  s t a t e s  
of  charge t h e  e l e c t r o d e s  were. W e  d i d n ' t  know how much of 
t h e  excess  cadmium, tha . t  i s  t o  s a y ,  was d i scharged ,  as 
cadmium hydroxide,  and t h e r e f o r e  cons t i t u tbd :~ .  overcharge 
p ro t ec t io ,n ,  and how much o f  it was cadmium me ta l ,  which 
c o n s t i t u t e d  precharge and how much of a l l  of t h a t  was a v a i l a b l  
under c e r t a i n  cond i t i ons .  
:We d i d f i t t  have t o  answer t h e s e  q u e s t i o n s .  But it I jngt happened t h a t  w e  were u s i n g ' t h e  cel ls  t h a t  ha3 enough 
capac i ty  s o  t h a t  w e  dicln' t g e t  i n t o  t r o u b l e  from fad ing ,  
1 
whether we were a litt1.e c l o s e  to the bottom or the top of i I
a r e l a t i v e  s t a t e  of c h a r t  plot, and we were j u s t  n o t  ope ra t ing ;  
I 
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amount of  m a t e r i a l  i n  t h e  c e l l s  a s  c l o s e  a s  p o s s i b l e  t o  t h e  
. - 
pred ic t ed  'usage. 
And I t h i n k  t h a t  we a r e  running i n t o  problems 
now, because w e  a r e  t r y i n g  t o  g e t  as much u t i l i z a t i o r ~  as 
p o s s i b l e  o u t  o f  t h e  cells,  and now no longer  can w e  :ray 
e m p i r i c a l l y  t h a t  i f  you do it t h i s  w a y ,  t h e  ce l l  wor);s  right, 
because now t h e  c e l l  i s  n o t  being worked i n t h e  same rlanner 
and i t  ' i s  n o t  working r i g h t .  
I realize that i s  a ve ry  vague s t a t emen t ,  b u t  I 
t h i n k  t h a t  it l ies  at t k e  bottom of t h e  problems t h a . ~  w e  have 
been having,  t h e  prob len~s  t h a t  we:are a n t i c i p a t i n g .  
I don't see how we can f o r c e  t h e  cel ls  t o  g i v e  u s  
more- r e l i a b l e ,  more p r e d i c t a b l e  behavior  u n l e s s  w e ,  i n  t u r n ,  
c o n t r o l  t h e  way they  arc! manufactured,  s o  t h a t  we, i n  f a c t ,  
are g i v i n g  them t h e  r e l i a b l e  and p r e d i c t a b l e  c h a r a c t e r i s t i c s  
ou r se lves .  
STEMMLE: Stemmle of Goddard. 
I n  Turne r ' s  paper  of  1 9 6 4 ,  h e  recommended a way 
of  s e t t i n g  precharges ,  which I thought  I would mention h e r e ,  
and t h a t  i s  t h a t  you keep ven t ing  the charge through some 
s o r t  o f  a valve arrangement a t  t h e  p r e s s u r e  you would 
l i k e  t o  s t a r t  t o  main ta in  a t  t h a t  rate o f  overcharge,  and 
eventually it will stop gassing, and m a i n t a i n  that pressure. 
What he d i d  was when t h e  precharge  l e v e l  was low, 
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up  and you have reached. f u l l  charge on bo th  e l e c t r o d e s ,  a t  
. - 
tl-iat p o i n t ,  t h e  recomhination a b i l i t y  i n  t h e  nega t ive  
e l e c t r o d e  i s  q u i t e  low and it has t o  he more charged up. 
SO p r e s s u r e  would b u i l d  up and 
more g a s s i n g  could occur .  
But a s  t h e  r e g a t i v e  e l e c t r o d e  g o t  more a : ~ d  more 
charged,  i t s  a b i l i t y  tcb recombine oxygen ' i nc reased ,  and s o  
t h e  s t e a d y  s t a t e  p r e s s c r e  was lower. 
. So perhaps i t  would be  a good way t o  look a t ,  o r  
j u s t  might be a method of t a i l o r  making i t s e l f ,  if :you a r e  
going t o  u se  it for low, temperature  regimes,  perhaps  you 
should se t  your precharge a t  low tempera ture ,  and specify t h e  
overcharge p r e s s u r e  you would l i k e  t o  see t h e  c e l l  have a t  
your chosen overcharge r a t e .  . 
FORD: One clther qu ick  one. I t h i n k  w e  have 
coffee ready o u t s i d e .  
REED: Reed, B a t t e l l e .  
I am n o t  s u r e  whether I unders tood what .you a r e  
say ing  r i g h t  or n o t  about  n o t  be ing  a b l e  t o  r ecove r  your  
precharge a f t e r  washing and drying, b u t  be ing  a b l e  t o  do i t  
i f  you d i d  it immediately a f t e r ,  is t h a t  c o r r e c t ?  
FORD: Y e s .  
REED: Well, cou ld  I a s k  you first how yo'l d i d  
y o u r  washins arrd dry ing?  





























REED: Okay, w e l l ,  t h a t  i s  what I suspect:ed, 
because  w e  have done s i m i l a r  k i n d s  o f  t h i n q s  where.tre have  
d i s c h a r g e d  t h e  c e l l  down t o  t h e  one o r  z e r o  v o l t  l i r ~ i t  i n  a 
s e a l e d  c o n d i t i o n .  Then we have opened it and washed it i n  
o u r  n i c k e l s o x h l e t  e x t r a c t o r ,  under  a n i t r o g e n  a tmosphere ,  . 
d r i e d  i t  i n  vacuum, t h e n  charged i t  i n  the f l o o d e d  c o n d i t i o n  t c  
e x a c t l y  t h e  c a p a c i t y  which i s  removed i n  t h e  s e a l e d  c o n d i t i o n ,  
and t h e n  f u r t h e r  d i s c h a r g e d  it t o  show which e l e c t r o d e  was 
l i m i t i n g .  And i n  t h e  c a s e s  w e  have  found t h e  ce l l s  were 
indeed  p o s i t i v e  l i m i t i n g .  And w e  c o u l d  g e t  f u r t h e r  clischarcj-e 
from t h e  n e g a t i v e  even a f t e r  washing and d r y i n q  under  t h e s e  
oxygen f r e e  c o n d i t i o n s .  
FORD: TMank you. 
An a t t e m p t  i s  made t o  minimize t h e  contac:t  t h a t  
t h e  p l a t e s  have w i t h  t h e  atmosphere.  They a r e  k e p t  submerged 
under  w a t e r  t h r o u g h o u t  t h e  washing,  but t h e y  are d r i e d  i n  the  
a i r .  
Any oth .er  qu>?s t i o n s ?  
RIU4PELL: A : ? o s s i b l e  e x p l a n a t i o n  f o r  t h e  drop i n  
p r e s s u r e  t o  t h e  amount of p recharge .  But  i n  any e v e n t ,  i n  
go ing  up i n  p r e c h a r g e  q a a n t i t y ,  you a r e  a l s o  v e n t i n 5  o u t  -- 
w e l l ,  f o r  3 ampere h o u r s ,  rough ly  a n o t h e r  CC of e l e c t r o l y t e ,  
s a y ,  and a l s o  you a r c  i : ;c reas ing  t h e  vo id  volume by g o i n g  fro:> 
cadmiurn hydroxide  t o  cac3111ium. 
FORD: Thank you. 
. . 
Any o t h e r  po in t s?  
I f  n o t ,  w e  w i l l  t a k e  a t e n  minute break f o r  
(Recess.) 
*t # 2  li FORD: May I have your a t t e n t i o n ,  p l ea se?  I 
Gentlemen, ou r  nex t  p t e s e n t a t i o n  is  by S teve  I 
Gaston, of Grumman Aerospace Corporat ion,  and h i s  t o p i c  i s  
Low Temperature Overcharge on t h e  OAO B a t t e r y  and C e l l s .  
A 
Steve  Gaston. 
- I 
... 
GASTON: I n  working with, .  the  OAO b a t t e r i e s ,  t?e 
have observed c e r t a i n  t r e n d s ,  and s p e c i f i c a l l y  one of t h e  . 
l 6  I1 and cell l o t s  wi th  r e s ~ l e c t  t o  t h e .  overcharge voltagt; 
trends which w e  have observed is a low tempera ture  overcharge t 
l7Il 
c h a r a c t e r i s t i c s ,  and t h e  p l u s  30 ,  p l u s  4 0  degrees  F tempera- 
v o l t a g e  i n c r e a s e  as a f u n c t i o n  of age: 
Th i s  s tudy  esntail-s a review o f  f o u r  OAO I ~ a t t e r y  





These low temperature  overcharges  were conducted I 
20 11 a t  s p e c i f i c  i n t e r v a l s  and a f t e r  c e l l  r econd i t i on ing .  
( S l i d e .  ) 
2:2 I! The f i r s t  s l i d e  shows t h e  overcharge v o l t a g e  
7 1  lieporters, in<. 11  
:!5 ' ;  s ~ s i , a l  nuinLes 6 3 8  had exh ib i t ed  a h i g h  overcharg 
! 























2 8 4  
Repotter!;, In!:. 
2 5 
vo l t age  p r o f i l e .  As a ma t t e r  of f a c t  it had e x h i b i t e d  t h e  
. . 
highest f o r  t h e  66  cel ls  i n  t h e  b a t t e r y .  
C&ll'serial number 7 3 3  had shown t h e  lowest  overcharp 
v o l t a g e  p r o f i l e  f o r  t h e  same c e l l  group. 
The upper most set  of curves  show t h e  d a t a  for the 
f i r s t  ovem@qrge  conducted i n  battery c e l l s ,  which occurs  p r i o  
t o  t h e  b a t t e r y  assembly, and s i n c e  t h e  d a t a  w a s  t aken  a t  
s p e c i f i c  i n t e r v a l s ,  only t h e ~ a d i n g s  f o r  t h e  f i r s t  h i ~ l f  
hour i n t e r v a l s  are no t  a .va i lab le .  So you see a blanl: a r e a .  
The t h r e e  sets of  curves  below show p r o f i  Les f o r  
t h e  i d e n t i c a l  cells a f t e r  185 days ,  500 days  and 750 days  
after a c t i v a t i o n ,  respec: t ively .  
I t  i s  of spec: i f ic  i n t e r e s t  t o  no te  h e r e  t h a t  t h e  
maximum pe rmis s ib l e  overcharge c u r r e n t  had t o  be reduced 
t o  lower v a l u e s ,  s inee-bat  l e a s t  one cel l  i n  t h e  ba t t e ry  had 
reached i t s  hydrogen evo lu t ion  v o l t a g e  l i m i t .  
Specifically I should point out h e r e ,  the  uppermost 
curve ,  you cont inue  t h e  overcharge a t  one ampere a l l  t h e  
way through.  A f t e r  185 clays, w e  con t inue  , t h e  same curve,  
which happened t o  be 0 .!> amps. 
A t  500 days, a t  t h e  first v o l t a g e  drop,  nte had 
t o  reduce it from .9 amps t o  .5 amps. And then  we ?ad  t o  
go t o  .25 amps, so you see the two breaks.  
( S l i d e . )  
Graph number 2 shows a t r e n d  i n  cell v o l t a g e  rise 
reached i t s  -hydrogen elrolution v o l t a g e  range.  
a s  a f u n c t i o n  of age for. 4 OAC b a t t e r y  c e l l  l o t s .  
. . 
The overcharqe a t  t h e  0 .9  t o  1 ampere r a t e  had 







t o  he reduced t o  lower t . a lues ,  s t a r t i n g  from t h e  4 6 0 9  day 
i 
I 
t e s t ,  because a t  l e a s t  ctne c e l l  i n  t h e  b a t t e r  group had i i 
t e s t  cel ls  f o r  an i d e n t i c a l  l o t ,  h u t  s t o r e d  i n  a sho r t ed  I 
c ond i t i on ,  s p e c i f i c a l l y  I am p o i n t i n g  t o  t h i s  one h e r e ,  I 
s h o r t l y  a f t e r  f i l l i n g  ari i n i t i a l  e l e c t r i c a l  cyc l ing ,  performed 
l i k e  new cells dur ing  t h e  overcharge.  
Also a  c e l l  component a n a l y s i s  had shown no 
m a t e r i a l  degrada t ion  i n  t h e s e  stored cells.  These  c e l l s  were 
s t o r e d  i n  p l a s t i c  bags in a  c l ean  room a t  approximately 68 
degrees  F and low humid:-ty cond i t i ons .  
The e f f e c t  of t h e  s t o r a g e  per iod  between 5 2 0  days,  
which is between t h i s  and t h e  750 day l e v e l ,  t h e  e f f e c t s  o f  
t h e  s t o r a g e  pe r iod  between 520-750 days  a r e  less pronounced 
and can be noted i n  bo th  tests t h e  c u r r e n t  had t o  be reduced 
t o  a lower than maximum va lue ,  because a t  l e a s t  one c e l l  
i n  each b a t t e r y s t r i n g  had reached i t s  'hydrogen. e v o l u t i o n  
v o l t a g e  range.  
The lowest  v o l t a g e  c e l l ,  however, e x h i b i t e d  t h e  
lower v o l t a g e  a f t e r 7 5 0  (lays as compared to t e s t s  at 520  days. 




I n  graph numl~er 3 ,  i t  shows t h e  t o t a l  v o l t a g e  1 
i 












s p r e a d  between t h e  cel ls  o f  .each b a t t e r y  s t r i n q  d u r i r ~ g  t h e  
low t e m p e r a t u r e  overcharge  a s  a f u n c t i o n  of  aqe.  A 
g e n e r a l  i n c r e a s e  i n  c e l l  v o l t a g e  d i v e r s i o n s  between t-he ce l l  
i n  each s t r i n g  can  be n o t e d  with i n c r e a s e  i n  age. 
A s  a c o n c l u s i o n ,  a d e f i n i t e  t r e n d  i n  t h e  
rise of  l o w  t e m p e r a t u r e  overcharge  ce l l  v o l t a g e  w i t h  
i n c r e a s e  i n  a g e  h a s  been e s t a b l i s h e d .  
T h i s  v o l t a g e  r ise  i s  a p p a r e n t l y  caused  by t h e  nega- 
t i v e  a v a i l a b l e  c a p a c i t y  l o s s  r e s u l t i n g  i n  hydrogen e v o l u t i o n  
if t h e  overcharged  would have been continued. 
  his hydrogen g a s  e v o l u t i o n  w i l l  l e a d  t o  b a t t e r y  
failure when s u f f i c i e n t  p r e s s u r e s  a r e  r eached .  
C e l l s  s t o r e d  i n  a shorted c o n d i t i o n ,  e a r l i e r  i n  
t h e i r  age ; ,pe r fo r f i ed  l i k e  new c e l l s  and showed no inkernst1 
component d e g r e d a t i o n s .  
And t h e  recommendatj-on, b a s e d  on t h e  above 
i n h r m a t i o n ,  s t r o n g l y  recommended t h a t  t h e  n i c k e l *  ctldmium 
f l i g h t  b a t t e r y  ce l l s  b e  kept i n  a s h o r t e d  s t a t e  below 
room t e m p e r a t u r e  and a t  low humid i ty  c o n d i t i o n s  f o r  t h e  
maximum p o s s i b l e  p e r i o d s  t o  e x t e n d  t h e  o r b i t a l  P i f e .  
I N  a d d i t i o n ,  a n  i n c r e a s e  i n  t h e  c e l l s  n e q 3 t i v e  
e l e c t r o d e  c a p a c i t y  o v e r  t h e  p o s i t i v e  e l e c t r o d e  c a p a c i t y ,  
which is  g e n e r a l l y  known. a s  t h e  c a p a c i t y  r a t i o ,  s h o u l d  y i e l d  
a l o n g e r  t i m e  d u r a t i o n  u n t i l  t h e  c e l l ' s  hydrogen e v o l u t i o n  
v o l t a g e  i s  reached .  
FORD: Thank you,  S teve .  
Are' t h e r e  any q u e s t i o n s ?  
Y e s ,  D r .  S c o t t ?  
SCOTT: I may have missed  how the b a t t e r i e s  
were s t o r e d ,  i n  what c o n d i t i o n  o f  s t a t e  o f  cha rge  ar ,d/or  
c y c l i n g  were t h e y  s t o r e d  up t o  t h e  500 p l u s  s t a t e  p ~ l r i o d ?  
GASTON: BEt'ween t h e  500 p l u s  t o  700 p lus  p e r i o d ,  
t h e  b a t t e r i e s  were s t o r e d  i n  a d i s c h a r g e d ,  d r a i n e d  c o n d i t i o n .  
However, a f t e r  500 p l u s  d a y s ,  t h e  w o r s t  ce l l  had reached  
t h e  hydrogen v o l t a g e  l i : m i t ,  and of c o u r s e '  t h e  c h a r g ~ !  had t o  
be t e r m i n a t e d  because  i t  had reached  i t s  l i m i t .  
So  ' t h e r e  is  no improvement between 500 p l u s  days  
and 700 p l u s  days .  
SCOTT: I ' m  s o r r y .  
P r i o r  t o  500 p l u s  d a y s ,  z e r o  t o  500 days, how 
w e r e  t h e  b a t t e r i e s  s t o r e d ?  
GASTON: Okay, t h e  b a t t e r i e s  were -- most of t h e  
t i m e  t h e y  were i n  t h e  spacecraft they were i n  a syst:ems 
t e s t .  They have receivsed v e r y  l i t t l e  c y c l i n g  except:  t h e  
i n i t i a l  a c c e p t a n c e  t e s t i n g .  
The c y c l i n g  L i f e  was s m a l l  -- a g e  -- y e s .  They 
were a c t i v e  most of t h e  t i m e  i n  t h e  s p a c e c r a f t  underb a 
s m a l l  t r i c k l e  cha rye .  
SCOTT: Oh, they were b e i n g  t r i c k l e  charged?  
GASTON: Y e s .  
SCOTT: You rnentioned,yau use t h e  t@m hydrogen 
evo lu t ion  p o t e n t i a l  range. 
What do you cons ide r  t h a t  v o l t a g e  range? 
GASTON: Of course  that i s  a f u n c t i o n  of 
temperature ,  and I t h i n k  I de f ined  ili best i n  t h e  specifics- 
t i o n .  I t  i s  -- f o r  35 degrees  .F.i I d o n ' t  r e c a l l  t h e  number 
o f f  hand. But it i s  t h e  recommended range w h i c h  hydrogen 
does -- it is  p o s s i b l e  t h a t  hydrogen can occur  a t  t h i s  range. 
I c a n ' t  g i v e  you t h e  e x a c t  number. I b e l i e v e  it i s  around -- 
FORD: I he:L'ieve it i s  1'.556 -- r.555 A- ' 2 .556  a t  
35 degrees  F. 
SCOTT: Was hydrogen a c t u a l l y  measured or- observed 
from any of  t h e s e  cell:; under t h o s e  cond i t i ons?  
GASTON: No, no. W e  c o u l d n ' t  measure i t .  These 
cells were i n  a b t t e r : y . -  If you a t t a c h  a gauge t o  t h e  
cells and b a t t e r y ,  you d e s t r o y  t h e  b a t t e r y .  I t  was no t  
measured. 
SCOTT: Was t h e r e  any way of measuring p r e s s u r e  
under t h e s e  c o n d i t i o n s  t h a t  you knew o f ?  Any indic :a t ion o f  
p r e s s u r e ?  
GASTON: W e  t e rmina ted  t h e  charge t o  avoid any 
p r e s s u r e  bu i ldup .  You d o n ' t  want t o  d e s t r o y  a f l i g h t  b a t t e r y  
by going t o  t h e  p r e s s u r e  p o i n t .  You t e r m i n a t e  i t  a t  t h e  
p o i n t  where i t  i s  l i k e l y  t o  b u i l d  up p r e s s u r e .  
SCOTT: One f i n a l  corrment, The reason 
I a m  hounding on  t h i s  i s  t h a t  w e  have r e c e n t l y  conducted  some 
. - 
t e s t i n g  a t  around 40  d e g r e e s  F and we observed  some c e l l s  
g o i n g  t o  t h i s  v o l t a g e  range  under  approx imate ly  the! same 
c o n d i t i o n s  . 
W e  had gauges on the c e l l s  a n d  w e  measured -- w e  
looked  f o r  hydrogen. W e  saw n e i t h e r  any  abnormal p r e s s u r e  
b e h a v i o r ,  n o r  d i d  w e  see any abnormal amount of  hydrogen 
a t  v o l t a g e s  155 to  158 a t  around 40  degres F, s o  t h a t  i s  
what I was a s k i n g  about .  
GASTON: The r e a s o n  I s a i d  r a n g e ,  is because  I a m  
n o t  100  percent s u r e  e x a c t l y  what  t h i s  p o i n t  i s .  
But  t h e r e  was a d e f i n i t e  rise towards  t h i s  hydroger 
v o l t a g e  r a n g e ,  and w e  had t o  t a k e  a  c e r t a i n ,  a s a f e  p o i n t  a t  
which w e  t e r m i n a t e  t h e  charge .  
BOGNER: Did you a t t e m p t  t a  r e c o n d i t i o n  t h e s e  
cells, S t e v e ?  
GASTON: Yes. 
P r i o r  t o  each o v e r c h a r g e ,  we.reconditior.ed. 
BOGNER: I t  d i d  n o t  lower  t h e  v o l t a g e ?  
GASTON: It d i d  n o t  lower  it a t  a l l .  No change.  
RYDER: B i l l  Ryder. Gulton.  
I u n d e r s t a n d  t h a t  you were y e p r e s e n t i n g  b a t t e r i e s ,  
t h a t  were t a k e n  o u t  of  s t o r a g e  a f t e r  s p e c i f i e d  p e r i o d s  of  
time. But  i n  answer t o  D r .  S c o t t ' s  ques t ion ,  do I unders tand 
you t o  say t h a t  these batteries a c t u a l l y  were on a spacecraf t ,  
and b e i n g  s u b j e c t e d  t o  tesi.; of  v a r i o u s  k i n d s ?  
GASTON: Well, maybe I s h o u l d  s i m p l i f y ,  o r  rnayhe 
I s h o u l d  e l a b o r a t e .  
The b a t t e r y  which showed t h e  aging,' w a s  i n  
t h e  s p a c e c r a f t  f o r  v a r i o u s  tests. The cells which were  t a k e n  
fromthe same l o t  w e r e  s t o r e d  i n  a  d i s c h a r g e  d r a i n e d  c o n d i t i o n .  
So w e  are t a l k i n g  abou t  a b a t t e r y ,  and w e  a r e  t a l k i n g  a  number 
c f s p e c i f i c  c e l l s  which ware t a k e n  from t h e  same l o t  and 
s t o r e d .  
RYDER: O h ,  okily. 
1n o t h e r  word:;, t h e  d a t a  t h a t  you a r e  showing, 
where you a r e  showing s t o r a g e  f o r  c e r t a i n  p e r i o d s  of t i m e ,  i s  
on cells t h a t  were indeed  s t o r e d  f o r  t h a t  p e r i o d  of t i m e ,  i s  
t h a t  c o r r e c t ?  
GASTON: L e t  ine go  back and maybe I can  e x p l a i n  
i t  a l i t t l e  b i t  b e t t e r .  
( S l i d e .  1 
, W e  have i n  t h i s  g roup  a t o t a l  of -- w e  halve 
t h e  f i r s t  g roup  o f  cel ls  which a r e  t h e  p o i n t s ,  t h e y  are tes t  
cells from b a t t e r y  25-A and 26-A. These cel ls  were t e s t e d  
c o n t i n u o u s l y  a t  NASA Goddard , n o t  b a t t e r i e s ,  because  t h e s e  
1 were t h e  A-2 f l i g h t ,  A-2 f l i g h t  b a t t e r i e s  i n  s p a c e  r:.ght now. 
FORD: And t h a t  i s  c y c l i n g  t e s t .  
GASTON: T h i s  is  cycl - ing  tests. 
These were cc~nt i rzuously  c y c l e d .  
30 and 31, t ? , i s  d a t a  wi th  an  X ,  i s  a  b a t t e r y  which 
was i n  t h e  spacecraf t , a r td  t h e s e  are b a t t e r y  c e l l s ,  except  
t hose  c e l l s  down he re  which were sho r t ed  f o r  520 day::. 
These were c e l l s  from t h e  i d e n t i c a l  l o t .  
Because 32 and 33, t h a t  i s  a l a t e r  ba t t e r : ? ,  and 
3 4  and 35, t h a t  is t h e  p r e s e n t  b a t t e r y .  These a r e  batter-jes of 
c e l l s ,  a c t u a l l y  b a t t e r i e s .  
RYDER: Okay, so you really have one batch of c e l l s  
and t h a t  was sho r t ed  fo:? 520 days? 
GASTON: T h a t ' s  r i g h t .  
RYDER: Then you show t h e  da ta  on t h o s e ,  which 
as you i n d i c a t e  i s  performed we l l ?  
GASTON : Right .  
RYDER: The o n l y  p o i n t  I a m  making, S t eve ,  and I 4 
wasn ' t  s u r e  myself ,  is the  b a t t e r i e s ,  t h e  d a t a  f o r  which 
I 
you a r e  showing, have undergone some inde t e rmina t e  system 
t e s t i n g ,  o r  v a r i a b l e  t e s t i n g .  You mentioned t r i c k l e  charging.  
I s n ' t  it p o s s i b l e  t h e r e  may have been even some r e v e r s a l  i n  
some i n s t a n c e s ?  What was t h e  t r i c k l e  charge r a t e ?  
GASTON: No, I wouldn ' t  say  inde t e rmina t e  t e s t i n g .  
The t e s t i n g  a r e  known. The t r i c k l e  charge r a t e s  
werevery low, q u a r t e r  amp per b a t t e r y .  
RYDER: Is t h a t  continuous f o r .  t h a t  per iod?  
GASTON: Continuous. 
I 
I Only when t h e  batteries were ac t ive  o n  the 
I 
I Relmrtets, Inc. 
25 
s p a c e c r a f t .  I wouldn ' t  s a y  i n d e t e r m i n a t e .  Y e s ,  w e  can  
. - 
de te rmine .  The d a t a  is  a v a i l a b l e .  
RYDER: Thank you. 
FORD: O t h e r  q u e s t i o n s ?  
REED: I would l i k e  t o  make a comment a l o n g  t h e  I 
l i n e s  t h a t  D r .  S c o t t  was t a l k i n g ,  as f a r  a s  hydrogen 
e v o l u t i o n  p o t e n t i a l .  
I t h i n k  t h e  t e r m  may b e  misused when w e  itre t a l k i n g  
abou t  'a ce l l  w i t h o u t  r e g a r d  t o  which e l e c t r o d e ,  bec2iuse 
w e  know hydrogen can o n l y  b e  evolved a t  t h e  n e g a t i v e  Overchargtp 
and u n l e s s  you a r e  u s i n g  some t y p e  o f  r e f e r e n c e  e l e c t r o d e ,  
f o r  i n s t a n c e  t h e  c a s e ,  i f  you have  b o t h  t e r m i n a l s  i s o l a t e d  
from t h e  e l e c t r o d e s ,  ycu d o n ' t  know whether  you a r e  t a l k i n g  
a b o u t  r e a l l y  developing hydrogen or n o t .  There  a r e  a 
number o f  t h i n g s  t h a t  can  c a u s e  t h e  p o s i t i v e  e l e c t r o d e  
p o t e n t i a l  t o  i n c r e a s e ,  s o  t h a t  y o u r  ce l l  v o l t a g e  wolxld go abov 
t h i s  1.555 f i g u r e .  i 
An example, c a r b o n a t e  i n  t h e  e l e c t r o l y t e  h a s  been 
shown t o  i n c r e a s e  t h e  c h a r g e  p o t e n t i a l  of t h e  p o s i t . i v e .  I 
b e l i e v e  it was a paper p r e s e n t e d  by some people from Genera l  
E l e c t r i c ,  C a h o t t i  r e c e n t l y  a t  t h e  B r i g h t o n  Conferc?nce, 
showed t h i s  v e r y  w e l l ,  and some of o u r  more l i i n i t e d  d a t a  
shows t h i s  a l s o ,  t h a t  t h e  p o s i t i v e  e l e c t r o d e  p o t e n t i a l  w i l l  
i n c r e a s e  under  such c o n d i t i o n s .  
And of course t h c u ,  you are n o t  generating hydrogen 1 




D Il 1.58 i s  t h e  p o i n t ,  and t h a t  i s  t h e  recommended 0verc:harge 
t h a t  much from- a b o u t  1. !j0 t o  a b o u t  1.58 w i t h  aqe? 
( S l i d e .  ) 







I i s  a d e f i n i t e  r i s e  and it d i d n ' t  even s t o p  a t  t h a t  p o i n t .  He 
had t o  t e r m i n a t e  i t , b e c a t ~ s e  l i k e  I s a y ,  w e  have  a whole 
b a t t e r y  and w e  c a n n o t  a f f o r d  t o  b u i l d  up p r e s s u r e  i r ,  t h e  cel ls  
I n  t h e  whole b a t t e r y .  T h e r e f o r e ,  w e  had t o  d e c i d e  z . t  some 
po in t , .  where t o  s t o p  t h e  overcharge ,  and we d e c i d e d  a b o u t  
I 
beyondhthe l i m i t  i s  an  o v e r t e s t .  




HARSCEI: B i l l .  Harsch , E a g l e  P i c h e r .  
v o l t a g e  by t h e  b a t t e r y  manufac tu re r .  
FORD: I am s u r e  a l l  of you a r e  f a m i l i a r  w i t h  t h e  
term overtest .  T h a t ' i s  what he i s  r e f e r r i n g  to .  T o  go 
S t e v e ,  c o u l d  you p u t  t h a t  o t h e r  s l i d e  back on? 
. GASTON: Okay. 
( S l i d e .  ) 
-1IARSCH: The cel ls  t h a t  a r e  marked s h o r t e d  s i n c e  
510 d a y s ,  t h e  o v e r c h a r g e  tes t  r u n  on t h o s e  cells,-is t h a t  
immedia te ly  a f t e r  a s h o r t e d  c o n d i t i o n ?  
22 
O r ,  have  t h e  cel ls  -- 
I! GASTON: No, t h e y  w e r e  c o n d i t i o n e d  like a l l  t h e  24 . . 
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HARSCH: A f t e r  t h e y  camc up s h o r t e d ?  
GASTON: Well ,  you remove t h e  s h o r t  and you g i v e   the^, 
I 
a low c u r r e n t  c y c l e  and t h e y  d i s c h a r g e ,  and t h e n  yo11 g i v e  it 1 l 
a t a p e r  c l ~ a r g e ,  and t h e n  you overcharge  it. Keep t h e  c o n d i t i o  I; 
a r e  
i d e n t i c a l  from t h e  day o n e ,  SO t h a t  y o u / c o n s i s t e n t  :in d a t a .  
I 
FLEISCHER: Were t h e  i n d i v i d u a l  cel ls  s h o r t e d ?  I 
GASTON: Ind.ividua1. ce l l s  were s h o r t e d ,  y e s .  1 i 
i 
UCIJIYAMA: C'chiyama, JPL .  1 I 
I am s t i l l  clonfused now. YOU i n d i c a t e d  t h a t  on 
t h e  OAO, t h e  b a t t e r i e s  t h a t  you had on t h e  OAO had :lo -- you 
had no w a y  of measuring t h e  i n d i v i d u a l  ce l ls ,  is  t h n % t  
c o r r e c t ?  
GASTON: Y e s ,  we d i d  measure i n d i v i d u a l  ce l l  ! 
v o l t a g e s ,  o h ,  y e s .  We j u s t  c o u l d  n o t  measure t h e  hydrogen 
gas. 
UCHIYAMA: ~;low,the p r e v i o u s  s l i d e  t h a t  y3u had 
up t h e r e ,  where you had t h e  ce l l  v o l t a g e s ,  is  t h i s  t h e  v a l u e s  
you have on t h e r e ,  ba t t . e ry  t e r m i n a l  v o l t a g e  d i v i d e d  by t h e  
number of ce l ls ,  o r  i s  t h a t  indeed  i n d i v i d u a l  ce l l  measurement4 1 
GASTON: No, t h i s  i s  a s p e c i f i c  c e l l  v o l t a g e .  
And i t  i s  a s p e c i f i c  ce l l  number, which i s  t h e  same ce l l  
number from t h e  day one.  
YOU see, t h e  b r o k e n - ' l i n e  r e p r e s e n t s  one  c e l l  
number which i n i t i a l l y  was t h e  l ~ w e r  one w i t h  r e s p e c t  t o  t h e  I 
s o l i d  l i n e .  After 185  days they a r e  approximately t h e  sans .  1 
The lower ce l l  seems t o  be s l i g h t l y  h i g h e r , a n d  of c c u r s e  
500 and 750 days ,  t h e  l o w e s t  c e l l  aga in  had t h e  l o w e s t  
v o l t a g e .  I 
So each s p e c i f i c  c e l l  was measured b u t ;  i n  a  
b a t t e r y  you canno t  t e r m i n a t e  a  ce l l .  I have  a s t r i n g  o f  c e l l s  
So i n  o r d e r  t o  t e r m i n a t e  t h e  charge i n  t h e  whole b a t t e r y  -- 
i n  o r d e r  t o  t e r m i n a t e  t h e  charge i n  a s p e c i f i c  cel l , .  I h a d .  
to t e r m i n a t e  t h e  whole s t r i n g .  
FORD: S t e v e ,  e a c h  one of t h e s e  c e l l  c u r v e s  
r e p r e s e n t s  22  cells ,  a  maximum end type?  
GASTON: That; is  r i g h t .  
GROSS : S t e t r e ,  can  w e  d i sco ,un t  t h e  p o s s i : 3 i l i t y  I 1 '  1 
t h a t  t h e  t r i c k l e  charge! c r e a t e d  enouqh t e m p e r a t u r e  3 i f f e r e n c e s l  i I 
i n  'your b a t t e r y  t h a t  you are measuring t e m p e r a t u r e  f i i f f e r e n c e s  
from a c o l d ,  o u t s i d e  ce l l3  t o  t h e  warm i n s i d e  c e l l s ?  
GASTON: Y e s ,  we can  d i s c o u n t  i t ,  b e c a u s e  t h e  
d i f f e r e n c e s  in t h e  celL which show up i n i t i a l l y ,  would show 
up l a t e r  on. I t  is  c o n s t a n t .  The b a t t e r y  c o n f i g u r a t i o n  does  
n o t  change. The t e m p e r a t u r e s  were measured ,  and i t  i s  t r u e ,  
I w e  have  a g r a d i e n t  between t h e  o u t s i d e  and t h e  i n s i d e  -- I 
/ t h e  e x t e r n a l  c e l l  and t h e  c e n t e r  c e l l  o f  a b o u t  e i g h t  d e g r e e s  
I 
I 
F. But  t h e  same r e l a t i o n s h i p  which h e l d  t r u e  b e f o r e ,  h e l d  
t r u e  now. 
The 0vercha:cges were conducted  under i d e n t i c a l  
I 
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measured. They haven ' t  changed e i t h e r .  
SCOTT: One a d d i t i o n a l  p o i n t  a long t h e  l i n e s  
that?.Mr. Reed mentioned. 
I n  t h e  t e s t s  t h a t  I r e f e r r e d  t o  a minute ago, I 
b e l i e v e  a t  l e a s t  one of t h e  cells t h a t  showed a h igh  v o l t a q e ,  
had a b u i l t - i n  r e f e r e n c e  e lec t - rode ,  and a s  I r e c a l l ,  
e s s e n t i a l l y  a11  of t h e  abnormal vo l t age  was measureti on t h k  I 
p o s i t i v e ,  'and e s s e n t i a l l y  none on t h e  nega t ive ,  which 
. i n d i c a t e s  t o  m e ,  a t  l e a s t ,  t h e  p o s s i b i l i t y  t h a t  th'i!; k ind  
of behavior  can be  a  praoblem wi th  t h e  p o s i t i v e ,  and n o t  t h e  I 
I 
nega t ive ,  and there fore ! ,  may no t  be  a hydrogen problem. I t  
I 
could be some k ind  of o t h e r  problem. I 
GASTON: Okay., it i s  p o s s i b l e ,  b u t  w e  sti:Ll have 
t h a t  b a t t e r y ,  and we s t i l l  can i n v e s t i c ~ a t e  t h a t  f u r t h e r .  i 
That  i s  why I d o n ' t  say  it is  a b s o l u t e  in format ion .  That  is  
why 'I c a l l  them t r e n d s .  
I see a  d e f i n i t e  t r e n d  i n  i n c r e a s e  i n  v o l t a g e ,  and 
I suspec t  , t h a t  it i s  hydrogen. 
KANTNER: Ecl Kantner,  Gulton I n d u s t r i e s .  
I would l i k e  t o  address  t h i s  q u e s t i o n  t o  D r .  S c o t t ,  
a c t u a l l y .  
I w a s  wondering whether he had made an a t t empt  t o  
determine what t h e  cause of t h i s  abnormal behavior  I 
of the positive?, i s ,  or whether he has any ideas of what  it I 
might be due t o ?  
SCOTT: Not y e t ,  but soon. 
RYDER: Leave t h a t  slide o n ,  w i l l  you plt?ase, 
S t e v e ,  because  I am s t i l l  confused.  
GASTON: S o r r y  a b o u t  t h a t .  
RYDER: N o w ,  what  you a r e  showing here, i f  I 
unders tand  what you a r e  s a y i n g , i s  r e a d i n g s  t a k e n  a t  d i f f e r e n t  
times, 1 5  days ,  185,  and so o n ,  a f t e r  f i l l i n g  o f  t h e  ce l l s .  
I be l i eve  t h a t  i s  t h e  word you used.  
GASTON: T h a t ' s  r i g h t .  
RYDER: And a f t e r  some i n d e t e r m i n a t e  a c t i ' ~ i t y  
t h a t  o c c u r r e d  i n  the bat : te ry  i n  t h e  t i m e  between t h o s e  p e r i o d s ,  
is t h a t  now, because  I am r e a l l y  confused?  
GASTON: I' d c ~ n ' t  know how you d e f i n e  i n d e t e r m i n a t e  
a c t i v i t y .  
RYDER: You h a v e n ' t  d e f i n e d  it t h a t  I hav3 hea rd .  
GASTON: - I have  a  r e c o r d  of what  t h e  h i s t ~ r y  of  
those ba t t e r i e s ,  and I j u s t  summarized it. The bat t2r ies  were 
a c c e p t a n c e  t e s t e d ,  t h e n  t h e y  were p l a c e d  i n  t h e  s p a ~ e c r a f t ,  
and whenever t h e  b a t t e r i e s  were e l e c t r i c a l l y  a c t i v e ,  t h e y  were 
p u t  i n  a  s m a l l  t r i c k l e  cha rge .  T h a t  da ta  i s  : - a v a i l a ' b l e .  The 
c u r r e n t s  a r e  known, t h e  cel l  v o l t a g e s  a r e  known, s o  i t  i s  n o t  
an i n d e t e r m i n a t e  a c t i v i t y .  
Y e s ,  t h e y  had s e e n  e l e c t r i c a l  a c t i v i t y ,  y e s .  
RYDER: Okay. 
they p u t  on a t r i c k l e  charge,  
t h a t  i s  t h e  o n l y  t h i n g  t h a t  was done with them? 
\ 
And t h e n  a f t . e r  tha t .  p e r i o d  o f  t i m e ,  t h e n  you 
proceeded t o  p u t  them c ~ n  overcharge  a t  t h e s e  rate.?. o n l y  
first you went through a r e c o n d i t i o n i n g  c y c l e ?  
GASTON: T h a t . ' s  r i g h t .  
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t h e s e  r a t e s ,  and when you s a y  on overcharge ,  what do you 
mean? 48 h o u r s ,  120 hours?  
GASTON: The overcharge  i n  t h i s  c a s e ,  you w i l l  
10 
1 1  
12 
13 
&:charge, t h e  h o u r s  you show on t h e  c h a r t ?  I 
see, was t e r m i n a t e d  e a r l i e r .  I n  most c a s e s ,  a t  most it 
l a s t e d  e i g h t  hours .  Many c a s e s  it o n l y  l a s t e d  f o u r  hours .  
I N  t h i s  c a s e  it l a s t e d  seven hours .  
RYDER: So t h a t  r e p r e s e n t e d  t h e  a c t u a l  d ~ r a t i o n  I 
GASTON: T h i s  i s  d u r a t i o n  of t h e  o v e r c h a r ~ ~ e ;  
RYDER: You took  them o f f  t r i c k l e  c h a r g ? ,  and 
that i s  the a c t u a l  amount of c h a r g e  t h e r e ,  a f t e r  c o n d i t i o n i n g ?  
GASTON: No, a f t e r  c o n d i t i o n i n g  t h e y  r e c e i v e d  
what i s  known a s  a ' . t a p e r  c h a r g e  u n t i l  t h e y  were f u l l y  c h a r g e d ,  
and t h e n  t h e y  were t e m p e r a t u r e  s t a b i l i z e d  and received an  
overcharge .  I 
And t h i s  i s  t h e  a c t u a l  d u r a t i o n  of t h e  overcharge .  
FORD: Are there any o the r  questions? 
M r .  Leu tha rd?  
LEUTHARD: Now t h e  t r i ck1 .e  c h a r g e  was a t  wnat r a t e ,  
' S t e v e ?  
GASTON: I t  ranged from 0.9 t o  1 . 0  amps. 
Okay, and t h e n  t h e  .9 amps -- 
GASTON: If you went t o  t h e  lower  t e m p e r a t u r e s  -- 
i n  most c a s e s '  w e  went t o  lower  t e m p e r a t u r e ,  l i k e  33  t o  35 
w e  went t o  0 . 9  amps because  t h a t  r e p r e s e n t s  t h e  maximum 
p e r m i s s i b l e  overcharge  r a t e ,  f o r  t h e  20 amp h o u r  ce l l .  i 
LIWTHARD: Anti t h e  .9 amps i s  t h e  overcharye  
r a t e ?  
GASTON: T h a t  i s  t h e  o v e r c h a r g e  r a t e ,  y e s .  I 
LEUTHARD : Oka!! , thank you, 
FORD: Steve '?  Stemrnle, o v e r  h e r e .  
STEMMLE: I!; it p , o s s i b l e  t o  add oxygen t o  t h o s e  
c e l l s ?  
GASTON: Not u n l e s s  w e  t a k e  t h e  b a t t e r i e s  a p a r t .  
The d e c i s i o n  h a s  n o t  been made what  t o  do w i t h  t h o s e  b a t t e r i e s 1  r 
As soon as I t a k e  t h e  ba t te r ies  a p a r t ,  I d e s t r o y  t h e  i n t e g r i t y  
cf t h e  b a t t e r y , ,  and i f  you e v e r  want  t o  r e b u i l d  therr,  even i f  
w e  f i n d  t h e  cel ls  are qood,  w e  would have t o  r e a c c e p t a n c e  
tes t  it, which i s  a n  e x p e n s i v e  p rocedure .  
So,  u n t i l  I am t h o r o u g h l y  convinced t h e r e  i s  
n o t h i n g  wrong w i t h  t h o s e  b a t t e r i e s ,  I a m  n o t  g o i n g  t o  t a k e  
them a p a r t .  Because once I t a k e  them a p a r t ,  I d e s t r o y  some I 
cells  and 1 would have to t a k e  now ce l l s ,  r e p l a c e  t h e n  w i t h  1 
! 
o l d  ce l l s ,  s o  t h e  i n t e g r i t y  of t h e  b a t t e r y  i s  gone. 
cells? 
GASTON: E l e c t . r i c a l l y ,  yes .  
Phys i ca l ly  --- o r  a s  you say  t ak ing  pressu::e and 
so* on, no. 
STEMMLE: The! reason I ask t h i s  i s  because I 
adding oxygen may he a qood way t o  determine whether o r  n o t  
you a r e  g e t t i n g  t h e  high vo l t age  d i f f i c u l t y  from t h e  nega t ive  
o r t h e  p o s i t i v e  e l e c t r o d e .  
GASTON: I t  i s  p o s s i b l e ,  yes .  
( S l i d e  . 
W e  w i l l  j u s t  go back t o  one p o i n t ,  I t h i n k ,  t o  I 
c l a r i f y  f o r  B i l l  Ryder 's  remark. I n  t h i s  graph I show 
t h e  t e s t  cells f o r  25-A and 26-A,  and i f  you fo l low j u s t  
t h e  d o t t e d  l i n e  you s e e  t h e  same rise i n  v o l t a g e  and t h e s e  
were a c t u a l l y ,  t h e s e  c e l l s  were t e s t e d  i n  o r b i t a l  s imula ted  
condi t ions .  So t h a t  cerl:ainly, t h e  h i s t o r y  i s  r i g h t  t h e r e .  
FORD: The  tes t  c e l l s  t h a t  S teve  is r e f e r r i n g  t o  
were t e s t e d  a t  1 5  p e r c e n t  depth  o f  d i s c h a r g e  on a  90-minute 
o r b i t .  30-minute d i s c h a r g e ,  60-minute charge.  They were 
charged a t  8 amps, d i scharged  a t  5 amps and t hey  went throuqh ( 
over  6000  cyc l e s  t h roug l~ou t  t h e  l i f e  of them. 
What w e  d i d  observe -- i n  fact t h e  t e s t  temperature) 
t h e  average test temperature ,  about 90  p e r c e n t  of t h e  l i f e  
of t h e  c e l l s  trerc a t  55 degrees F which i s  where' t h e  f 
I 
s p a c e c r a f t  b a t t e r v  r u n s .  
So t h e s e  c e l l s  had no t  s e e n  any unusual  t e s t  
regime, o t h e r  than t h e  f a c t  t h a t  they  were run i n  a condi t ion  
s imu la t ing  a spacecraf t , .  I 
I might p o i n t  o u t  t h a t  we .have suf f ic ien l :  d a t a  I i 
now from t h e  f l i g h t  b a t t e r y ,  t h e  A-2 b a t t e r y ,  which has been 1 
I up almost  two y e a r s  i r ,  December, t h a t  shows t h e  same type  
t r e n d .  
GASTON: Floyd, c o r r e c t  me i f  I am wrong. 
D idn ' t  we ohserve hydrogen i n ' t h o s e  cell:; a t  
t h i s  v o l t a g e ,  d i d n ' t  we? 
FORD: There was one cell  t h a t  -- i n  f a c t ,  we d i d  $ I i 
e x a c t l y  what Sternmle suggested -- t h e r e  was o n e  cell  dur ing  1 / 
C 
t h a t  t e s t  t h a t  became a maverick, a s  i n d i c a t e d  by t h e  
h i g h e s t  po in t .  W e  removed t h r e e  ampere hours  of precharge 
and put t h e  ce l l  back on t e s t ,  and w e  brought  it back w i t h i n  
t h e  overcharge l i m i t s  that; were s e t  for t h a t  cond i t i on .  
I t h i n k  you w i l l  f i n d  t h i s  in format ion  on t h e  I 
tes t  cel ls  thoroughly reviewed i n  t h e  Power Sources .  I 
,Conference of  t h i s  s p r i n g ,  which I assume t h e  p u b l i c a t i o n  i s  
coming o u t  s h o r t l y .  
.Any more q u e s t i o n s  on t h i s ?  
John? i 
UNGER: Ungc:r , Goddard . I I 
J u s t  one  more p o i n t  t h e r e .  A number of people hav5  
i 
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asked, o r  quqgtioned whether o r  no t  you a r c  d e a l i n g  wi th  
hydrogen, and we have run some ana lyses  on c e r t a i n  c e l l s .  I 
have run  t h e  ana lyses ,  b u t  I am n o t  s u r e  what cells and 
what b a t t e r i e s ,  and I was wondering whether o r  n o t  isny of  
t h e s e  p a r t i c u l a r  c e l l s ,  w e  found hydrogen i n ?  
FORD: 32  and 3 3 .  W e  have t h e  test cell!; i n  t h e  
l i b  now, and w e  have ohserved a t  35 degrees  F ,  hydrogen 
be ing . acc~unu la t ed  a t  a very slow r a t e ,  I p o i n t  o u t .  AT 1.51 
volts i n  one par t iculax:  cells.  Other c e l l s  thht .-go h igher  
than t h a t ,  we haven' t seen hydrogen. 
But w e  have d a t a  t h a t  shows t h a t  you can g e t  
hydrogen i n  a cel l  a t  1 .51 v o l t s ,  a t  35 F. 
UNGER: So e s s e n t i a l l y  t h i s  means t h a t  t h e s e  
maverick v o l t a g e s  may indeed no t  be t h e  r e s u l t  of behavior  
of themegative.  On thcz o t h e r  hand, t hey  may be. W e  do 
have cases of  hydrogen gene ra t ion  at slow rates. 
, 
.BOGNER: . .  . Bogner, J P L .  
Are any of t h e s e  c e l l s  some t h a t  you had a problem 
with a couple  of  y e a r s  ago? 
FORD: No. 
(Laughter.  ) 
BOGNER: AEr  t h e  r e s u l t s  s i m i l a r ,  , o r  no t?  
FORD: A l l  oE t h e s e  c e l l s  have been produced s i n c e  
October ,  1 9 6 8 .  
I t  i s  i n t e r e s t i n g  t o  n o t e  t h a t  we are  exper ienc ing  
s i m i l a r  symptoms. 
. . 
BOGNER: D i l 3  it occur  e a r l i e r  on t h o s e  c e l l s ,  o r  
show up about t h e  same time. 
. . 
FORD: I t  occurred e a r l i e r  on t h e  problem c e l l s  
t h a t  you r e f e r  t o .  
When it occurred is a func t ion  of the dcpth o f  
d i s cha rge ,  t h e  type  t e s t i n g  you do, e t  c e t e r a .  It  i s  a -- 
w e  d o n ' t  r e a l l y  have a good handle on it. 
GROSS: Gross,  Boeing. 
loll There a r e  a l o t  of p o s s i b l e  r ea sons  that ;  could 
1311 I would l i k e  t o  emphasize a p o i n t ,  h o ~ e \ ~ e r ,  tha-t  ' 
11 
12 
e x p l a i n  t h i s  behavior .  One, of course ,  i s  t h e  v a r i a b l e  
degrada t ion  of t h e  p o s i t i v e .  
1511 
i n  exper imental  work. And f o r  t h e  l i f e  of m e ,  I c a n ' t  
14 
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A 1  Reed made on the va lue  of i nc lud ing  r e f e r e n c e  el.ectrodes 
I 
understand why experimental. b a t t e r i e s  s o  seldom have adequate 
i n s t rumen ta t ion ,  i nc lud ing  r e f e r e n c e  e l e c t r o d e s  and p re s su re  
gauges.  
Now t h i s  was a f l i g h t  b a t t e r y ,  I r e a l i z e ,  and 
probably w e  c o u l d n ' t  do t h a t .  But t h e r e  i s  no reason any 
more t o  have t o  specu la t e .  W e  should make s u r e  thai: a l l  ou r  
I 
I l abo ra to ry  b a t t e r i e s  a r e  adequa te ly  ins t rumented,  s o  t h a t  we know what i s  going on. 
I 1 FORD: Dr. Fle ischer?  
I t  
i FLEISCHEII: 1 would l i k e  t o  make a suggc:stion. I f  I I 
I n *  
you a r e  going t o  open any of t h e s e  cells, and ana lyze  thenz, I i I ; 
. . 
t h a t  you analyze t h e  e l e c t r o l y t e  from t h e  p o s i t i v e  2nd 
nega t ive  p l a t e s  s e p a r a t e l y .  I would suspec t  t h a t  a f t e r  t h a t  
long pe r iod  of t ime,  t h e  concen t r a t i on  of t h e  e l e c t r o l y t e  
i n  hydroxyl ines  a t  t h e  p o s i t i v e  p l a t e ,  probably be  1.ess than  
t h a t  a t  t h e  nega t ives ,  because you a r e  t r a n s f e r r i n g  oxygen 
t o  t h e  nega t ive  p l a t e s .  
I found t h i s  i n  smal l  bu t ton  c e l l s ,  and I: wouldn' t  
be s u r p r i s e d  i f  you found it he re  t o  an  exaqgerated e x t e n t .  I 
GASTON: I n  answer t o  t h e  ques , t ion,  o r  t h e  comment 1 
t h e  oxygen l i m i t  i s  f r e e d ,  o r  when t h e  oxygen evolu1:ion i s  
t h e  gentleman from Boeing, we do have,  i n  each group, w e  do 
haveaan a u x i l i a f l ' e l e c t r o d e  c e l l ,  so we do have an i d e a  when 
made. 
i 
Unfor tuna te ly ,  i n  hydro c e l l s  -- n o t  t h e  ones ,  
t h e  h igh  range o f  t h e  v o l t a g e s  -- so it was n o t  t h e  l i m i t - . j n a  
cell in the s t r i n g .  
Another comrrent I would l i k e  t o  make i s  .:hat t h e  
p o s i t i v e  c a p a c i t y  of  the c e l l  had n o t  d e t e r i o r a t e d ,  s o  when 
I E 
I/ you compare c a p a c i t i e s  of t h e s e  c e l l s ,  they  a r e  i d e : ? t i c a l .  As l 
a m a t t e r  of fact, i n  sclme c a s e s ,  they a r e ' s l i g h t l y  better 
than  they  were i n i t i a 1 l . y .  So I d o n ' t  know whether we can -- 
i n  my op in ion ,  I am not. c l e a r  whether w e  can blame t h e  
I/ p o s i t i v e  e l e c t r o d e  f o r  t h e  vo l t age  rise t h a t  you sa:? might I 
3 1  Reporters, Inc. 
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I 
FORD: J u s t .  one  comment, o u t  o f  t h e  grollp o f  ce l l s  
f r o m  s e r i a l  number 3 2  and 3 3 ,  w e  just r e c e n t l y ,  wt: had 
cells on  tes t  a t  Crane. W e  r a n  a  r a t i o  t es t .  W e  found a 
p o s i t i v e  p l a t e  c a p a c i t y  o f  o v e r  29 -- approx imate ly  29 1/2 
ampere h o u r s  -- t h e r e  was no such  ce l l  i n  e x i s t e n c e  on t h e  I 
p r o d u c t i o n  l o t .  W e  found a n e g a t i v e  p l a t e  capacity of 
approx imate ly  34 1 / 2  ampere h o u r s ,  and X remember the r a t i o  i 
ca rneeout  t o  be 1 .18  in t h a t  r ange .  
These cells e x h i b i t  a r a t i o ,  t o t a l  negative 
t o  positive ratio- of about L45 during f o r m a t i o n  j.n the 
e a r l y  e l e c , t r o d e  c a p a c i t y  tests t h a t  were r u n .  
ARe t h e r e  a:ny o t h e r  q u e s t i o n s  on t h i s  p c r t i c u l a r  ., 
s u b j e c t ?  
Y e s ,  M r .  Cohn? 
COHN: Cohn, NASA. 
I would l i k e  t o  make a conment, rather t h a n  ask  
a q u e s t i o n .  It seems to m e  one must draw some l e s s o n s  from 
t h i s ,  and I h a v e n ' t  heard anyone here say a n y t h i n s  a b o u t  what 
does  t h i s  a l l  mean? IIiive w e  l e a r n e d  something for  t h e  n e x t  
b a t t e r y  f o r  t h e  n e x t  s p a c e c r a f t ,  o r  what have  you? 
And it seems t o  m e  t h e r e  a r e  t w o  t h i n g s  t h a t  -- I 
would l i k e  t o  be c o r r e c t e d  i f  I am wrong on t h i s  -- one  i s  
t h a t  you a r e  s e t t i n g  t h e  v o l t a g e  c u t o f f  t o o  high now because  
you a c t u a l l y  do  g e t  hydkogcn c:volution, s o  somct.hin!;~ i s  
wrong, and the second t h i n g  t h a t  i s  obviously wrong i s  t h a t  
I Repo~ters, In:. 
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you a r g  t r i c k l e  cha rg ing .  You shou ld  n o t  be t r i c k l e  
c h a r g i n g  f o r  500 days o r  200  o r  300 d a y s ,  b e c a u s e  yctu are  
obviougCy wrecking t h e  b a t t e r y .  
I 
So it seems t o  m e  one has t o  l e a r n  t h e s e  l e s s o n s  
and a p p l y  them and e x p r e s s  t h e  f a c t  t h a t  one h a s  l e a r n e d  
some 1ert;ons s o  t h a t  o t h e r  peop le  d o n ' t  make t h e  sane 
mis takqe; . 
FORD: I would l i k e  t o  c l a r i f y  t h a t  p o i n t .  
When you say t h e  b a t t e r i e s  i n  t h e  s p a c e c ~ r a f t ,  
and t h a t  i s  t h e  l i f e  of 30 and 3 1  b a t t e r y ,  it wasn'i: t h e  
s p a c e c r a f t .  The b a t t e r y i s  on open c i r c u i t  e v e r y  n i g h t  of t h e  
week, it i s  on open c i r c u i t  d u r i n a  t h e  weekend, un:Less they  
have i n t e g r a t i o n  and cbeckout  f o r  t h e  s p a c e c r a f t .  "he 
b a t t e r y  i s  used d u r i n g  t h e  dayt ime and it i s  o p e r a s t e d  under  
t h e  same t y p e  of vo1tac.e c o n t r o l  sys tem,  or it may 1)e a t  a 
reduced voltage t o  m a i n t a i n  the overcharge i n  the b a t t e r y .  
And t h e  l i m i t a t i o n  f a c t o r  t h e r e  i s  t h e  a n o u n t  of 
h e a t  t h a t  t h e y  can  d i s s i p a t e  a t  room tempera tu re .  So t h e  
t r i c k l e  c h a r g e  r a t e s  d u r i n g  t h e  dayt ime a r e  i n  t h e  .range 
of a b o u t  C o v e r  35 t o  C o v e r  4 0 .  But  t h e  b a t t e r y  i s  on open 
c i r c u i t  and charged ,  and I f e e l  v e r y  s t r o n g l y  t h a t  t h i s  i s  
a l s o  a f a c t o r  i n  t h e  dc-!gradation c h a r a c t e r i s t i c  o f  t h e  cells.  
GASTON: Let :  m e  make j u s t  one comment.  
My determbnat j .on  w c s ,  i s  t h a t  you u s e  t h ?  h a t t e r y  
as l i t t l e  as p o s s i b l e  i.n t h e  s p a c e c r a f t  f o r  any sys tems test .  
As a m a t t e r  o f  f a c t ,  if p o s s i l > l e ,  you d o n ' t  use it at a l l ,  
. . 
which i s ,  of c o u r s e ,  n o t  p o s s i b l e .  So, under  t h e  i d e a l  I : 
c o n d i t i o n ,  keep it i n  d i s c h a r g e  r a t e  c o n d i t i o n  as l o n g  a s  
p o s s i b l e ,  and t h e n  you have a b a t t e r y  which a p p e a r s  l i k e  a  
new b a g t e r y .  
And of  c o u r s e ,  t h e  d t h e r  recommendation is  
i n c r e a a e  t h e  n e g a t i v e  t o  p o s i t i v e  c a p a c i t y  ratio.  
STEMMLE: I would like t o  c o n t r i b u t e  a comment 
from qr. Go~&s o f  S m l : h n t  h e  made - a c o u p l e  o f  weeks ago 
when h e  w a s  h e r e  t a l k i n g  w i t h  us .  H e  s a i d  t h a t ' - -  w e l l ,  h e  
pothbed o u t  t h a t  d u r i n g  o v e r c h a r g e ,  whether  it i s  t r i c k l e  
o r  o t h e r w i s e ,  t h e r e  i s  uncompensated c o n c e n t r a t i o n  g r a d i e n t  
of h y d r o x y l i n e s  on t h e  n e g a t i v e  e l e c t r o d e .  
One way o f  ( :onsidering normal  c y c l i n g  i s  t h a t  t h e r e  
is a c o n c e n t r a t i o n  g r a d i e n t  of 013 t h a t  b u i l d s  up on one ,  and 
then it s h i f t s  t o  t h e  o t h e r  on t h e  o t h e r  half of t h e  cyc le .  I 
But  during o v e r c h a r g e  i t  is uncompensated. 
And h e  h a s  found i n  some o l d  c e l l s  t h a t  h e  h a s  
i t a k e n  a p a r t ,  s o l i d  KOH,,cryst.als o f  i t  on  t h e  n e g a t i v e  e l e c t . r o d - 6 ,  so I t h i n k  i t  d o e s  c o n t r i b u t e  t o  t h e  d e g r a d a t i o n  6f t h e  cells.  FORD: I t h i n k  w e  have  time f o r  j u s t  a b o u t  one  
more qpest ion.  W e  want  t o  move on.  I 
Any o t h e r  q l l e s t i o n s  on t h i s  p a r t i c u l a r  s u b j e c t ?  1 
Okay, thanl: you .C,t~::ve. I 
A t  t h i s  t ime  I would l i k e  t o  i n t r o d u c e  o u r  n e x t  1 I 
s p e a k e r ,  D r .  Harvey S e i g e r ,  H e  r e a l l y  needs no int ; :oduct ion.  
. - 
He h a s  been around lor icer  t h a n  I have. H e  i s  w i t h  I I e l i o t e k  
Corpoza t ion ,  a  D i v i s i o n  o f  Tektron, and =& t h i s  t i m e  h e  
i 
would l i k e  t o  have a  d j . scuss ion  on t h e  NASA Supported Contract1 
! 
which i s  NAS-5.11547, which d e a l t  w i t h  t h e  c h a r a c t e r i z a t i o n  1 
I 
of c o n t r o l  and recombina t ion  e l e c t r o d e s .  I 
.I d o n ' t  know i f  you a r e  a l l  f a m i l i a r  w i t h  t h a t  
I 
r e p o r t ,  b u t  it d e a l t  p ~ r i m a r i l y  w i t h  t h e  f a d i n g  mechanism 1 
I 
a s s o c i a t e d  i n  n i c k e l  cadmium cel ls  and i t s  e f f e c t  on cyclc 
l i fe .  I i 
' ~ r .  S e i g e r ?  
SEIGER: Sometime i n  J u l y  or August ,  I received 1 1  1 i 
I i 
a copy of t h e  f i n a l  r e p o r t  on the c h a r a c t e r i z a t i o n  o f  t h e  i I i 
recombina t ion  and cond:rol e l e c t r o d e s  under  t h e  c o n t r a c t  
I And t h e r e  wasre three a r e a s  i n  t h i s  r e p o r t  t h a t  / caused concern .  Now, if t h i s  were a j o u r n a l  a r t i c l e ,  I would I 
be able t o  w r i t e  a letter t o  the ed i to r ,  and have s o m e  
r e s p o n s e  from t h e  a u t h o r s  i n  t h e  d i s c u s s i o n  s e c t i o n .  
W e l l ,  t h e r e  a r e  s e v e r a l  a l t e r n a t i v e  way:; of my a s k i n g  i 
t h e  q u e s t i o n s ,  b u t  o n l y  one way t h a t  I r e a l l y  c o n s i d e r  e th ica l ! . ,  
I 
So I wrote t o  one  o f  t h e  a u t h o r s  and p o i n t e d  out, "There  was I 
I 
always a f e a r  t h a t  a t  some f u t u r e  t i m e  sortleone w i l : .  t r y  t o  I 
I 
a r g u e  a point based on  i n v a l i d  s t a t e m e n t s  i n  some 1:eport." I 
i 
Now, my letter was answered. My first q u e s t i o n  i 
i 
11 t o  g e r p r a t e .  And a l s o  by s t a t i n g  some t h i n g s  t h a t  a r e  n o t  
n6 7' 1 
2 
11 i n  t h 9  r e p o r t  a t  a l l ,  n o r  r e f e r e n c e d  i n  t h e  r e p o r t ,  and t h i s ,  
W a s  nfat responded to .  The second q u e s t i o n  was u n s a . t i s f a c t o r i l  
. . 
answqped, by s t a t i n g  sc~me s t a t i s t i c a l  r e s u l t s  t h a t  :C am unab le  
11 of c o u r s e ,  i m p l i e s  that :  such  i n f o r m a t i o n  was n o t  us3d i n  
t h e  
11 answered. I n  f a c t ,  it was n o t  r e a l l y  answered. 
9 
10 
I Now I mentioned my concern  a b o u t  t h e  rep3rt t o  
13~.1ck MacIC~nzie, who asked f o r  a  copy o f  t h e  le t ter .  T h i s  ' I 
1 1  
1 2 ,  
l8I1 
J o u r n a l .  I n  t h i s . w a y ,  comments may be s c r e e n e d  and passed  
r e s u l t e d  i n  a n  i n v i t a t i - o n  t o  a s k  my quest 'ons h e r e  i n  a  p r e t t y  I 









t h e i r  views h e r e  t o o ,  SO I e x p e c t  t o  be fo l lowed .  
Now, before g e t t i n g  i n t o  t h e  t e c h n i c a l  d e t a i l s ,  I 
t h i n k  t h a t  t h e  b a t t e r y  workshop i s  a good forum f o r  d i s c u s s i o n  
about reports ,  Perhaps w e  c a n  have i t  r u n  i n a  manner s imi l a r  1 
t o  t h e  d i s c u s s i o n  s e s s i o n  i n  the E l e c t r o c h e m i c a l  S o c i e t y  
22 /I procedure  t h a t  w e  a r e  u s i n g  h e r e  now, and I t h i n k  it might  
I 
2 o 1 
be helpful t o  t h e  government,  t o  t h e  b a t t e r y  users and t o  I i 
r e p l y  p r i o r  t o  p r e s e n t a t i o n  h e r e .  1 I t  so happens t h a t  t h i s  is  p r e t t y  c l o s e  t o  t h e  
I I I 
24li  t h o s e  do ing  t h e  c o n t r a c t  work r e s u l t i n g  i n  t h o  r e p o r t s .  i I 
I will tend to t h e  t e c h n i c a l  d e t a i l s  ; ;behind my 
. . 
answer. 
I t  i s  concerned with the da ta  on p l a t i n m ~  migra t ion  
h i c h  I ' h a v e  given i n  page B-1. Now, I haven ' t  g o t  t h e  
e l e c t r o d e s .  EAch such recombination e l e c t r o d e  c o n t i ~ i n s  by 1 
! des ign ,  f i v e  mil l igrams of pla t inum p e r  square  cen t ime te r  f o r  1 




plat inum on t h e  average.  I I 
Now, nex t ,  !:hey have some d a t a  i n  a' t a b l s ,  and I I 
t 
happen t o  have worked some s t a t i s t i c s  w i t h  t h e  t a b l e ,  s o  i f  I 
f a c i l i t i e s  t o  show t h e  page B-1. P e r m i t  me t o  t u r n  t o  it and 
. t o  read  a  l i t t l e .  
C e l l s  were made, t h a t  c o n t a i n  two recomb:ination 
I may have my f i r s t  wo~rksheet p l ea se?  
( S  l i d e .  ) 
Before I ge-: i n t o  t h a t ,  i n  t h e  t a b l e ,  t h e r e  a r e  
some d a t a  'or t h e  a n a l y s i s  of pla t inum,  and they give t h e  
terms of t h e  c y c l e  c o n ( i i t i o n s ,  t h e  temperature  and t h e  depth 
of  d i scharge .  
There are two p i e c e s  of d a t a  corresponding t o  t h e  
l a s t  two cells, which a r e  7 and 8. These are t h e  two recombina-. 
t i o n  e l e c t r o d e s  from a  cell from t a s k  2 ,  ce l l  number 2. 
9 and 10 are from ano the r  c e l l  i n  t a s k  ;!, cell  
I 
Although t l~cse are represented as havinq a 50 
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pe rcen t  depth . of . dischartye as t h e  f i r s t  t h r e e  cel ls ,  I checked 
through t h e  r e p o r t ,  and l a s t  Fr iday  T found t h a t  t hey  had 
r e a l l y  been going t h r o u g ! ~  only a 25  p e r c e n t  dep th  of discharge.!  I 
And s o ,  i f  we look a t  t h e  numbers, a t  t h e  data i 
t h a t  they  have,  ranging from number 1 t o  number 6 ,  w e  can see 
t h a t  t hey  d i f f e r  much from t h e  mean va lue  of  37.5 t h e t  
they designed t h e i r  e l e c t r o d e s  t o  have. 
I Well,  t h i s  about  washes o u t  r e a l l y  t h e  quc!stion thaq  
I had, 'because he re  we have t h r e e  c e l l s  who are much d i f f e r e n t  
and show no ove r l ap  between t h e  d a t a  that a r e  presen ted .  
However, I d i d  do t h e  s t a t i s t i c s ,  and I would r a t h e r  use them, I 
! f 
and n o t  l e t  them go t o  waste, and s e e  whether t hey  can b e  
used even a s  they  were o r i g i n a l l y  g iven ,  t o  e s t a b l i s h  t h a t  
t h e r e  was no pla t inum migra t ion .  
The sen tence  t h a t '  1 o b j e c t  t o ,  l e t  m e  reat? it: 
"1t.i.s apparen t  from t h e  above a n a l y s i s  t h a t  t h e  pla t inum 
has n o t  moved o u t  of the recombination e l e c t r o d e s . "  
Well, how do w e  t r e a t  da t a  i f  w e  want t o  :;how 
whether a sample has  changed o r  no t?  
W e  s t r i k e  an average of a l l  t h e  d a t a ,  and we 
compare it t o  t h e  expected va lue ,  which i s  37  1/2 mi l l i g r ams ,  I 
p l u s  o r  minus 10 percent: a s  g iven i n  the r e p o r t ,  and we 
w i l l  use a s t u d e n t  T t es t  i n  o r d e r  t o  see whether t h e s e  
numbers are the same or whether t hey  are d i f f e r e n t .  I 
And when wc do t h i s ,  v:e have to set up t h e  ' n u l l  
func t ion ,  because they a r e  looking f o r  miq ra t ion ,  wF.ich I 
hypothesis .  W e  make t h e  assumption t h a t  t hey  a r e  n c t  
d i f f e r e n t ,  t h a t  t h e s e  numbers a r e  r e a l l y  t h e  same, and w e  
are going t o  look f o r  a p r o b a b i l i t y  t h a t  t h i s  i s  so .  
The s t u d e n t  T f u n c t i o n ,  and I u s e  t h e  one-sided 
means t h a t  it must decrease .  The one-sided func t ion  is t aken  
i 
i 
from a book by Volk, and it i s  given up t h e r e  as T i s  
equa l  t o  X Bar, which is t h e  average de te rmina t ion  c) f  t h e  
exper imental  de te rmina t ion ,  and M i s  t h e  mean v a l u e  of 
37 1 /2  mill igrams. 
We have t h e  square  r o o t  of N, which a r e  t h e  
number of samples,  and w e  have o u r  approximation t o  the 
s tandard  d e v i a t i o n .  
has  decreased from t h e  mean v a l u e  by about  15 pe rcen t .  The 
d e v i a t i o n s  on t h e  nex t  column, they sum t o  zero. as . ' they  shoul  
S ince  w e  a r e  d e a l i n g  w i t h  t e n  samples,  ten I 
The d e v i a t i o n  squares  a r c  on t h e  t h i r d  column, and the sum 
of t h e  squares  i s  202 .10 .  And from t h a t  we are a b l s  t o  
c a l c u l a t e  o u t  and g e t  c u r  approximation t o  the s t anda rd  
d e v i a t i o n ,  which i s  4 . 7 4 .  1 I 
p i e c e s  of d a t a ,  we a r e  pool ing  it because t h i s  w a s  : indicated 
by t h e  l e t te r  from GE, t h a t  t hey  have pooled it. The number 
of degrees  of  freedom i s  n ine .  
The average va lue  i s  31.7. I t  i s  d i f f e r e n t ,  it 
I 




I/ s t u d e n t  T f u n c t i o n ,  which i s  T i s  e q u a l  t o  31.7 min.2~  37.5, 1 
mm711 
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2.5 
o v e r .  4.74. All t h a t  mul1:iplied ,by the square  root of 10. 
* 
which is  equa l  t o  minus 3.87.  
I am saying i l l 1  t h i s  f o r  t h e  purpose of t h e  
r eco rde r .  
Now, a t  what l e v e l  s h a l l  w e  test t h e  s i g n i f i c a n c e  
of t h i s  va lue  of T? 
The au tho r s  responded t h a t  on a195 percen t  
confidence l e v e l  t h e r e  has been no migra t ion ,  s o  we w i l l  use 
t h e  9 5  pe rcen t  l e v e l  t o  tes t  for s i g n i f i c a n c e .  And I happen 
b ,have  t h e  va lues  of t h e  d i s t r i b u t i o n  of T f o r  a p r c ~ b a b i l i t y  
of . 0 5  w i t h  9 degrees  of  freedom from one-sided.  Thzthappens 
t o  be e q u a l  t o  t h e  same as t h e  p r o b a b i l i t y  va lue  of  9 0  
p e r c e n t  for 9 degrees  of freedom for a two-sided t e s t ,  which 
is  minus 1.833. 
For  i n t e r e s t ,  I happen t o  have t h a t  f o r  i i  two-side1 
tes t ,  too .  
S ince  w e  f i n d  t h a t  t h e  a b s o l u t e  v a l u e  of T is 
g r e a t e r  than  t h e  va lue  of P t aken  from t h e  t a b l e s ,  athe 
n u l l  kfrppthesis  i s  r e j e c t e d .  And hence,  t h e  s ta tement  t h a t  
t h e  mean va lue  o f  31.7 has  n o t  -- t h a t  mean v a l u e ,  t h a t  s t a t e  
men t  has  no t  been proved. 
And s o  I have t o  fo rmula t e  a q u e s t i o n ,  and wi th  
t h e s e  k ind  of d a t a ,  p l u s  my f i r s t  c o n s i d e r a t i o n s  a b ~ u t  
d i f f e r e n c e s  of cel l  2 firom t e s t  2 and cell 4 ,  which . r e a l l y  
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S i n c e  t h e  e x p e r i m e n t a l  d a t a  d o  n o t  support .  t h e  s t a t e r l e n t  
made a b o u t  p la t inum m i g r a t i o n ,  how c a n  such a  s t a t e m e n t  b e  
j u s t i B i e d ?  
( S l i d e .  ) 
NOW t h e  second a r e a  I have d e a l s  w i t h  t h e  s h u n t  
vol tage regulator h y p o t h e s i s ,  and m y  q u e s t i o n  deals  t r i t h  
t h e  l a c k  o f  c o n s i d e r a t i c n  of t h e  e l e c t r o c h e m i c a l  proc:esses 
t h a t  o c c u r  a t  t h e  recombina t ion  e l e c t r o d e  when currex1.k i s  
p a s s i n g  th rough  it. 
I f  we f o r m u l a t e  a  hypc thes8s ,  w e  s h o u l d  make i t  
s e l f - c o n s i s t e n t  by c o n s i d e r i n g  a l l  t h i n g s  t h a t  are o c c u r r i n g .  
There  a r e  s e v e r a l  c0mmer. t~ t h a t  must h e  made a b o u t  t h i s  p a r t  
o f  t h e  r e p o r t  a d d i t i o n a l l y .  
ON page 103 ,  the  low-pressure  h y p o t h e s i s  :is noted .  
And-an example i s  g i v e n  f o r  a c e l l  from a p r e v i o u s  r e p o r t ,  w i t  
a recombina t ion  e l e c t r o d e .  The ce l l  y i e l d e d  a b o u t  7 ampere 
h o u r s  a f t e r  a  C o v e r  10  c h a r g e ,  and 1 2  ampere h o u r s  i i f t e r  a  
C o v e r  2 cha rge .  A similar  r e s u l t  w i t h  a  s i m i l a r  exper iment  
h a s  been obse rved  i n  a n c t h e r  l a b o r a t o r y  by L e r n e r ,  and l e d  him 
t o  p o s t u l A t e  t h e  low-pressure  h y p o t h e s i s .  
Now,  i n  t h i s  exper iment ,  which i s  considelred a n  
e x t e n s i o n  o f  t h e  e a r l i e r  o n e ,  r e s i s t o r s  were p l a c e d  hetween 
t h e  recombina t ion  e l e c t r o d e  and t h e  n e g a t i v e s ,  so t h e  e a r l y  
experiment was done w i t h  mere ly  t h e  co11tac.t r e s i s t a n c e ,  and 
we are now i n c r e a s i n g  i t  by a t e n t h  o f  a n  ohm i n  t w o  c e l - l s ,  
and i n  two o t h e r s ,  i n c r e a s i n g  it a d d i t i o n a l l y  up tcl t w o  ohms. 1 
. - 
Now t h e  d a t a  a r e  i n  t a b l e  28 .  I c a n ' t  show you i 
t h a t ,  b u t  I have it here i f  anyone i s  i n t e r e s t e d .  6 ampere 
hour ~rells were charged a t  C o v e r  1 0  and t h e y  d i d  > f i e l d  6 
ampere hours  whether  t h e  r e s i s t o r  was a t e n t h  of  arl ohm o r  1 
t w o  041p.s .  
The e x p e r i m e n t a l  o b s e r v a t i o n  i s  t h a t  on 
c o n t i n u e d  c y c l i n g ,  t h e  d i s c h a r g e a b l e  c a p a c i t y  o f  the n e g a t i v e  1 
I 
e l e c t r o d e  d e c r e a s e d .  i 
Now,  l e t ' s  see what i s  clone w i t h  t h i s  i n f o r m a t i o n .  
On page 128,  t h e  l a s t  pa ragraph  explain: ;  on1.y a r e a s  
of t h e  n e g a t i v e s  with low f i l m  resistance would be recharged .  
So if you have an  a r e a  w i t h  a h i g h  f i l m  r e s i s t a n c e , .  it would 
n o t  b e  r e c h a r g e d .  
Now t h i s  i s  worded more s t r o n g l y  o n  page  132 on 
t he  t h i r d  l i n e ,  where it was s t a t e d  that t h e  masseci areas of I 
t h e  n e g a t i v e  e l e c t r o d e  w i l l  have  a r a p i d l y  d i m i n i s h i n g  chargin(! 
I 
r a t e ,  and t h e s e  a r e a s  a r e :  "These a r e a s  a r e  un l ike :_y  t o  be 
recharged . "  I 
NOW, l e t  u s  c o n t r a s t  t h e s e  q u e s t i o n s  t o  t h e  l a s t  




last observation s t a t e 3  on page133, where t h e y  say t h e  l o s t  
cadmium c a p a c i t y  i s  s t i l l  p r e s e n t  i n  t h e  c e l l ,  h u t  j.s I 
I 
u n a v a i l a b l e  a t  p r a c t i c a l  d i s c h a r g e  rates. 1 I 
O f f  t h e  r e c o r d  fo r  a moment. I 
i l  t:e[lo~ters, Inc. 
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(S ta tement  off  t h e  recorci. ) 
SEIGER: BAck on the record. 
NOW, is  t h e  purpose  of t h i s  ei-ght-page long  ad 
h0c h y p o t h e s i s  t o  show how t h e  e l e c t r o d e  can't be charged  i n  
accordance  w i t h  t h e  q u o t a t i o n s  on page 128 and '132? 
O r ,  i s  t h e  purpose  t o  show how t h e  cadmium i s  
t h e r e ,  b u t  c a n ' t  b e  d i s c h a r g e d  a t  t h e  r a t e  used  i n  accordance  
w i t h  t h e  q u o t a t i o n  on page 1 3 3 1  
W e l l ,  upon my f i r s t  r e a d i n g ,  and my p a s t  e x p e r i e n c e  
w i t h  s u c h  cells,  I reckoned t h a t  t h e  h y p o t h e s i s  was 
p r o h u l g a t e d  t o  e x p l a i n  a f a i l u r e  t o  c h a r g e ,  and t h e  h y p o t h e s i s  
does  i n d e e d  d e v e l o p  t h i s  p remise .  
W i t h  t h e  c o n f u s i o n  t h a t  s u r r o u n d s  t h i s ,  I must se t  
my s i g h t s  on o n l y  one i t e m  i n  t h i s .  There  i s  a c i rcu i t  on 
page 1 3 0 ,  which shows t .wo p a r a l l e l  c i r c u i t s ,  one  f o r  t h e  
recornbinat ion  e lec t rodes  and t h e  o t h e r  one  f o r  t h e  n z g a t i v e  
electrode. 
Now c u r r e n t  g o i n g  t h r o u g h  t h e  recombina t ion  e l e c t r o  
b ranch  p r e v e n t s  c h a r g i n g ,  u s i n g  t h e  q u o t e s  on page,; 1 2 8  and 
132. It p r e v e n t s  c h a r g i n g  o f  the n e g a t i v e  e l e c t r o d l ~ .  
Now, what  i s  t h e  c u r r e n t  do ing  e l e c t r o c h ~ ~ n i c a l l y  
when it goes  th rough  t h e  recombina t ion  e l e c t r o d e ?  
There  are  th ree  items that we can  postul i i te  off hanl 
Number one ,  w e  can s a y  t h a t  t h e  o x t d a t i o r i  state 
of t h e  o f  t h e  recombina t ion  e l e c t r o d e  i s  changing.  
But ,  l e t ' s  reject  t h a t  one ,  because t h e  
m a t e r i a l s  a r e  e i t h e r  a l r e a d y  reduced,  o r  t h e y  a r e  i n e r t .  
Second i t e m ,  w e  can  p o s t u l a t e ,  i s ,  w e l l ,  hydrogen 
is b e i n g  evolved.  T h a t  would accoun t  f o r  t h e  c u r r e n z  go ing  
th rough  t h e  recombinaticm branch .  
L e t ' s  r e j e c t .  t h a t  one t o o ,  because  t h e  p r e s s u r e s  
a r e  low and hydrogen does  n o t  r e a c t  w i t h  t h e  p o s i t i . ~ e  
e l e c t r o d e  under  t h e s e  c o n d i t i o n s .  i i 
I t e m  t h r e e ,  oxygen is b e i n g  consumed. 1 I 
i f  t h i s  i s  a c c e p t e d ,  t h e n  t h e  e n t i r e  shu:nt v o l t a g e  
I 
r e g u l a t o r  h y p o t l ~ e s i s  degrades  t o  L e r n e r  ' s  l o w  p r e s s u r e  ad 
hoe  h y p o t h e s i s .  1 i 
i 
I n s t e a d  o f  e i g h t  pages, w e  can  s u b s t i t u t e  one  I 
i 
i 
o r  two pages .  I 
I 
Now, t h e r e  are d e c r e a s e  i n  c a p a c i t y  of t h e  p o s i t i v e /  
e l e c t r o d e s  g i v e n  i n  t h e  e x p e r i m e n t a l  ev idence .  S i n c e  t h i s  
behavior i s  n o t  accoun1:ed f o r  i n  any manner,  w e  canno t  
e n d o r s e  any h y p o t h e s i s ,  nor  move it t o  a r a n k  o f  t h e o r y .  i 
I s h o u l d  p o i n t  o u t  t h a t  t h e  two hypo theses  would 
d i r e c t  any e f f o r t s  towards  s o l u t i o n  o f  t h e  problem, t o  i 
two d i f f e r e n t  e l e c t r o d e s .  So t h a t  t h e  a r e a  does  have  some 
t e c h n o l o g i c a l  importanc:e. 
i 
I may now formulate a question w i t h  t w o  par t s ,  1 
1 
which i s  d i r e c t e d  towa1:ds t h e  a u t h o r s :  
A .  How can  you r e s o l v e  the  a s p e c t  of t h e  
h y p o t h e s i s  t h a t  p o s t u l a t e s . u n c h a r g e d  a r e a s  w i t h  t h e  stated 
o b s e r v a t i o n  t h a t  t h e  m a t e r i a l  i s  p r e s e n t  as  cadmiun. charged,  
b u t  is  u n d i s c h a r g e a b l e  a t  t h e  r a t e s  used? 
B. How can  you j u s t i f y  n o t  a c c o u n t i n g  f o r  t h e  
c u r r e n t  i n  t h e  recombinat ion  c i r c u i t  i n  terms o f  t k e  e l e c t r o -  
chemical  p r o c e s s e s  i n  t h a t  branch?  
My t h i r d  a r e a  o f  concern  d e a l s  w i t h  t h e  conclus ion:  
on hydrogen recombinat ion .  
May I have t h e  t h i r d  c h a r t ,  p l e a s e ?  
( S l i d e . )  
While  Tom i s  g e t t i n g  t h a t  up ,  I sholl ld--nlent ion 
that P a u l  R i t t e r m a n  obse rved  t h a t  hydrogen can  b e  recombined 
i n  cel ls  such  a s  t h e s e  w i t h  f u e l  c e l l  e l e c t r o d e  p r e s e n t .  The 
r e f e r e n c e s  f o r  t h i s  one  a r e  t h e  second and t h i r d  q u a r t e r l y  
r e p o r t s  t o  t h e  United S t a t e s  A i r  Force  under  c o n t r c ~ c t  
AF33-(615)-5357. And c r e d i t  by r e f e r e n c e  s h o u l d  have been 
h h k \ C C c J ~ i e  
made i n  t h i s  report, and I do w a n t  to thank chuck )rH-& 
for l o c a t i n g  t h e  r e f e r e n c e s  f o r  me. 
Now, on page 1 2 1 ,  t h e r e  i s  an  e q u a t i o n  tbxpressing 
t h e  p r e s s u r e  decay for hydrogen i n  cel ls  hav ing  a 1:ecornbina- 
t i o n  e l e c t r o d e - f o r  t h e i r  e x p e r i m e n t a l  d a t a .  
. Now t h i s  e q u a t i o n  i s  r i g h t  up  h e r e  on t h e  t h i r d  
worksheet  t a k e n  d i r e c t l y  o u t  o f  t h e  r e p o r t .  I t  is  Y e q u a l s  
A p l u s  BX. W e l l ,  Y i s  t h e  pressure, X is  t i m e ,  A and B are 
c o n s t a n t s .  Where A i s  t h c  I~oundaxy  cor td i t ion a n d  X equa1.s 
2 .  C r a * o r .  Pear r r r  I N  R 6c.m 8 , ~ r r J . m  A - ( v c ~ I * P C  
B t t a r e v  h e r  b r l c u r r r b .  
IOr am." 1 e . q v - r t . ~  I** I 01:. M*-r*4 
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zero .  The i n i t i a l  hydrogen pressure. 
B i t h e  slope, and as w e  s h a l l  see, it is l a t e r  
i d e n t i f i e d  a s  t h e  r a t e  of hydrogen consumption. 
Now t h e  exper iment  w a s  r u n  hav ing  a r e g i s t o r  
between t h e  recombinat:ion e l e c t r o d e  and t h e  n e g a t i v e  e l e c t r o d c  
The q u e s t i o n  of l imita- : ion o f  the r a t e  by t h e  r e s i s t o r  was 
c o n s i d e r e d  -- n o t  i n  t h e  r e p o r t  -- I c o n s i d e r e d  it, and I 
concur  w i t h  t h e  author:;  t h a t  t h e  r e a c t i o n  can  be s t u d i e d  even 
under  t h e s e  c o n d i t i o n s ,  
S i n c e  t h e  c o n c l u s i o n  I q u e s t i o n  i s  concerned 
w i t h  t h e  r a t e  dependency on q u a n t i t y  of cadmium hydrox ide ,  
le t ' s  o b t a i n  t h e  r a t e  d i r e c t l y  from t h i s  e q u a t i o n .  
Now r a t e  is  t h e  p r e s s u r e  d e c r a e s e  p e r  u n i t  t i m e ,  
which w e  can g e t  v e r y  s imply  by t a k i n g  t h a t  e q u a t i o n  and 
u s i n g  s i m p l e  d i f f e r e n t i a l  c a l c u l u s  o b t a i n i n g  DY by DX i s  
e q u a l  t o  B .  
The q u a n t i t y  o f  cadmium hydrox ide  i s  n o t  i n  t h e  
ra te  e q u a t i o n ,  and t h e r e f o r e ,  under  t h e  c o n d i t i o n s  of which 
t h e  exper iment  was r u n ,  t h e  r a t e  is  independen t  of t h e  
q u a n t i t y  o f  cadmium hytlroxide which b r i n g s  u s  t o  t h e  t h i r d  
S i n c e  t h e  e x p e r i m e n t a l  d a t a  d o  n o t  s u p p o r t  t h e  
c o n c l u s i o n ,  how can t h e  c o n c l u s i o n  b e  j u s t i f i e d ?  
Thank you. I have  t h e  q u e s t i o n s  w r i t t e n  down 
here. I would l i k e  t o  p u t  thcmtp ,  i n  c a s e  anyone needs  a 
i FORD: A r e  t h e r e  any qu@sCi&ns a t  t h i s  p o i n t ?  
CATNERINO: P i r s t  o f  a l l ,  I would l i k e  t c  thank 
w h a t ' s  h i s  name -- 
(Laugh te r .  ) 
-- f o r  t a k i n g  t h e  t i m e ,  a c t u a l l y ,  t o  g o  t h r o u g h  t h i s  t h i n g  
and t o  g i v e  a c r i t i c a l  e v a l u a t i o n  o f  it. 
Now, I thin]:  a  p e r s p e c t i v e  h a s  t o  be e s t a b l i s h e d .  I 
A l o t - o f  t h i s  was r e a d  o u t  o f  c o n t e x t ,  and p e r h a p s  a g r e a t  
many people haven't read t h e  r e p o r t  t o  u n d e r s t a n d  j u s t  what I 
w a s  said i n  it. 
Now, I c a n  o n l y  t e l l  you,  and i f  you c a r e  t o  have 
a  copy o f  t h i s  r e p o r t ,  you c a n  e i t h e r  send  m e  a  n o t e  o r  
anyone down a t  t h e  B a t t e r y  P r o d u c t s  D i v i s i o n  i n  G a i n e s v i l l e ,  
and we would be v e r y  happy t o  send you a  copy o f  t h i s  I 
o r i g i n a l  r e p o r t ,  
NOW i n  p e r s p e c t i v e ,  these p o i n t s  t h a t  were raised I 
amount t o  ' a n c i l l a r y  arquments ,  but d o  n o t  r e a l l y  g e t  down 
t o  t h e  s u b s t a n c e  o f  t h e  r e p o r t ,  s o  t h a t  i n  e s s e n c e ,  by n o t  
even answer ing t h e  q u e s t i o n s ,  t h e  s u b s t a n t i v e  a s p e c t s  s t i l l  
r 
remain. However, l e t ' s  go th rough  some o f  t h e s e .  
F i r s t  of a l l ,  I would j u s t  p o i n t  o u t  t h a t  t h e  
l e t t e r  he was t a l k i n g  about: was s e n t  t o  B i l l  CArson, and I 
would just l i k e  t o  read  t h e  f i r s t  p a r t  of t h e .  reply. 
T have s e n t  on your  letter of Aucjust 6 t h  to my i 
co l l eagues  a t  G a i n e s v i l l e ,  who wrote  t h e  bu lk  of  t h i s  r e p o r t .  
. . 
And as B i l l  Carson cont inues ,  -- a s  u s u a l ,  I f i n d  myself 
d i s a g r e e i n g  wi th  you on a l l  t h e  p o i n t s  you r a i s e d .  
Then he goes on  -- w e l l ,  t h e  r e p l y  w a s ,  of course ,  
qu i ck ,  and it was pointed o u t  i n  t h e r e  t h a t  he c o u l d n ' t  go 
through a d e t a i l e d ,  ~ o i n t  by p o i n t  r e b u t t a l ,  b u t  :: w i l l  
t r y  t o  g e t  t o  t h e  essence  of t h i s  i f  I can,  i n  a s h o r t  t ime.  
11 F i r s t ,  let, m e  answer t h e  q u e s t i o n  on t h e  hydrogen i 
9 11 recombination.  
I 
H e r e  agair, i s  t h e  problem of  t r y i n g  t o  read  t o o  ! ! 
i 
much i n t o  a r a t h e r  t r i v i a l  s ta tement .  
Is t h e r e  a dependence? 
Well ,  I t h i n k  t h e  r a t h e r  d e t a i l e d  ana1;~si .s  showed 
t h a t  a zero  o r d e r  dependence e x i s t s  on cadmium hydroxide 
ove r  most of t h e  r e a c t i o n .  ' 
But a f t e r  speaking w i t h  t h e  people  i n v , ~ l v e d  i n  
t h i s  r e p o r t ,  t hey  madie it r a t h e r  c l e a r  t h a t  t h i s  was r e a l l y  
going a l i t t l e  t o o  f a r .  The i n t e n t i o n  was - - , w e l l ,  l e t ' s  
look a t  t h i s  t h i s w a y  -- hydrogen is ox id i zed  on the 
recombination e l e c t r o d e .  Something has  t o  be reduzed. Tha t  
2 1  11 subs tance  i s  cadmium hydroxide.  I f  $here  were no cadmium 1 f 1' hydroxide,  there cou1.d be no hydrogen b x i d a t i o n .  ;  heref fore, 22 I i 
b r a 1  Repcrtets, Inc. 
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i 
t h e  dependence i s  obxrious . j 
Point two, t h e  p l a t i n u m  electrode rnigr3tion -- 
no''? / 
I might j u s t  say  tha tpage  13-1. t h a t  w a s  quoted,  does t u r n  I 
A c t u a l l y  a f e w  s e n t e n c e s .  
. . 
have t o  admi t ,  t h e r e  .was some i n f o r m a t i o n  t h a t  was l e f t  o u t .  
I N  t h i s  work, t h e  recombina t ion  e l e c t r o d e  i s  
i 
i 
t a k e n ,  and some of  t h e  c a t a l y t i c  m a t e r i a l  i? remove=:, i n  o r d e r  / I 
to expose  p a r t  o f  t h e  s c r e e n .  To t h i s  s c r e e n ,  t h e n ,  a  t a b  is 
.welded. 
I 
NOW, i f  one compensates f o r  t h e  removal  c ~ f  t h i s  I 
c a t a l y t i c  m a t e r i a l ,  t h e  d a t a  f a l l s  r i g h t  where it is:  1 I
supposed t o  be .  
So,  r e a l l y ,  ' w e  are a t  f a u l t  t h e r e  f o r  o m i t t i n g  
t h o s e  f e w  d e s c r i p t i v e  s e n t e n c e s .  
On t h e  l a s t  p a r t ,  & e  low p r e s s u r e  t h e o r y  v e r s u s  
The shunt voltage mechanism involves the effects on'the nega- I 
the s h u n t  v o l t a g e  mechanism, e s s e n t i a l l y  t h e s e  a r e  two 
tive. I 
f o r m u l a t i o n s  o f  obse rved  hypo theses .  O N e  i n v o l v e s  --- w e l l ,  
t h e  l o w - p r e s s u ~  * theory  i n v o l v e s !  t h e  e f f e c t s  on  t h e  p o s i t i v e .  




phenomena t h a t  have  been obse rved .  I 
NOW if w e  c a r e  t o  q u i b b l e  a b o u t  t h e  d e t a i l s  o f  how 
we se t  up t h i s  mechanism, t h i s  would make good c o c k z a i l  lounge 
p a t t e r ,  b u t  here we are l o o k i n g  f o r  a way t o  make a  b e t t e r  c e l  . 1 
Now GE does  n o t  talce any p o s i t i o n  , o n e  wily o r  t h e  
other on  t h e  low--pressure hypcthesis. I tor~ever ,  i t  took  t h i s  I 
mn8d1 , 
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idea of  t h e  shunt  mechanism; v o l t a g e  shunt  mechanisn~, and 
a p p l i e d  it toward making a better ce l l .  
The p o i n t  i s  b a s i c a l l y  t h i s ,  t h e  negat ive 's  were 
fad ing .  Something had t o  be done. A precharge was used,  
and as a r e s u l t ,  a  b e t t e r  c e l l  r e s u l t e d .  
Now, i n  e f f e c t ,  t h e r e  was t h e  f i r s t  point .  t h a t  
was r a i s e d  t h a t  wasn ' t  . r ea l ly  too  c l e a r  t o  m e ,  b u t  c the rwi se ,  
I believe t h a t  all p o i n t s  have been taken  c a r e  o f .  
FORD: THank you, DR. Cather ino.  
A R e  t h e r e  any o t h e r  ques t ions  on t h i s  s u b j e c t ?  
Any comments'? 
I am s o r r y  w e  d o n ' t  have e x t r a  cop ie s  of  t h e  
r e p o r t  t o  pas s  o u t .  I f  w e  d i d ,  you wouldn ' t  have t i m e  t o  
r ead  it anyway. 
(Laughter.  ) 
John Unger? 
U N G E R f -  D r .  Ca ther ino ,  I j u s t  wanted t o  c l a r i f y  
- .  
the response on t h e  hydrogen recombination.  You i n d i c a t e d  
t h a t  i f  hydrogen was being ox id ized  a t  t h e  recombination 
e l e c t r o d e ,  t h a t  t h i s  would require t h a t  somewhere, something 
was be ing  reduced. And you i n d i c a t e d  t h a t  t h e  on ly  
p o s s i b l e  s p e c i e s  for t h i s  r e a c t i o n  was t h e  cadmium hydroxide. 
Under what c o n d i t i o n s  was t h i s ?  
Would this bc d u r i n g  charqe, o r  would t h i s  be 
an  open c i r c u i t  s ta i ld ,  clr  perhaps d u r i n g  d i scha rge  t ' - j a t  the 




CATHERINO: I am quoting .from memory f r c ) m  merely 
read ing  t h e  r e p o r t .  
The way t h i s  w a s  done, t h e  c e l l  was opened and 
f i l l e d  w i th  hydrogen, and t h e  hydrogen p r e s s u r e  was t hen  
monitored,  and i t  went t o  zero. 
UNGER: But what was t h e  cond i t i on  o f  t h e  c e l l ?  
Was t he  c e l l  s h o r t e d ,  t h e  a c t i v e  e l e c t r o d e  t o  t h e  c e l l ?  
CATHERINO: I a m  n o t  sure. I b e l i e v e  t h i s  w a s  
open c i r c u i t .  
SEIGER: Ycu had two cond i t i ons .  YOU h i ~ d  one 
of open c i r c u i t ,  and i n  some c a s e s ,  you a c t u a l l y  pt~rformed 
a d i scha rge .  
And t h e  equa t ion  drawn was w r i t t e n  on t h e  open- 
c i r c u i t  cond i t i ons .  
UNGER: A l l  r i gh t .  
Well then, in that case, obviously the negative 
e l e c t r o d e  i s  t h e  on ly  t h i n g  connected t o t h e  recombination 
e l e c t r o d e .  I j u s t  war, t e d  t o  c l a r i f y  t h o s e  cond i t i ons  , because 
under c e r t a i n  c o n d i t i c n s  t h e r e  a r e  l o t s  of o t h e r  r e a c t i o n s  
t h a t  could be going or. i n s i d e  t h e  c e l l .  
CATHERINO: I n  t h i s  connect ion I would Like t o  
j u s t  r a i s e  t h e  p o i n t  h e r e  t h a t  a l though t h e  r e p o r t  was 
e n t i t l e d  t h e  C h a r a c t e r i z a t i o n  of Aux i l i a ry  and Recc~mbination 
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which i s  b a s i c a l l y  wha4: most of this c o n f e r e n c e  is abou t  t h i s  
a f t e r n o o n .  
SEIGER: There  a r e  s e v e r a l  q u e s t i o n s  t h a t  you 
really d i d  l e a v e  unanswered. For  i n s t a n c e ,  when you go back 
t o  page  B-P -- inc idena:a l ly ,  I t r i e d  t o  b e  e x t r e m e l y  c a r e f u l ,  
D r .  C a t h e r i n o ,  and I do remember your  name -- on r e a d i n g  t h e  
s t a t e m e n t ,  s o  t h a t  I s l ~ o u l d n ' t  change t h e  meaning o f  a n y t h i n g  
by t a k i n g  it o u t  o f  c o n t e x t .  And I w i l l  c h a l l e n g e  you t o  shot, 
where meanings have been changed. L e t  anybody h e r e  read t h e  
reports. They w i l l  see t h a t  I h a v e n ' t  changed them. L e t  m e  
rebuke you o n  t h a t .  
I would l i k e  t o  s a y ,  t h a t  i n  t h e  t a s k  3 cells ,  
which were i n d e e d  r u n  i 3 t  50 p e r c e n t  d e p t h  of d i s c h a r g e ,  you 
may have  s c r a p e d  o f f  your  m a t e r i a l ,  i n  which c a s e ,  t h e  q u e s t i c  
comes up,  how come t h e n ,  i n  t h e  t a s k  2 ce l l s ,  r u n  a t  2 5  
p e r c e n t  d e p t h  o f  d i s c h a r g e  -- and l e t ' s  r e c o r d  a g a i n ,  t h a t  
t h e s e  t w o  cells w e r e  r u n  a c c o r d i n g  t o  this r e p o r t ,  a t  25  
p e r c e n t ,  depth -- how come these give numbers t h a t  a r e  much 
c l o s e r  t o  t h e  d e s i g n  a:! 37.5. These  numbors a r e  r e s p e c t i v e l y  
3 8 ,  36, 36,  36. 
So,  w i t h  t h a t  k i n d  o f  e v i d e n c e ,  and t h e  o t h e r  
t h i n g s  t h a t  I have  found i n  t h e  r e p o r t ,  I h o l d  your s t a t e m e n t  
s u s p e c t , a n d  I w i l l  q u e s t i o n  you further on t h a t .  
F r a n k l y ,  I would l i k e  t o  r e s o l v e  these. Let m e  
r e a d  very p a r t i c u l s r l y  thc ~t~~ te rne i - l t  r i g h t  from t h e  report 




























on page B-1.  It  is  a p p z r e n t  from the ahove analyses t h a t  t h e  
. - 1 + 
platinum has no t  moved o u t  of  t h e  r econ~h ina t ion  e l e c t r o d e s .  
I d o n ' t  know whether it d i d  o r  it d i d n ' t .  The  
way t h e  experiment was s e t  up and run does no t  s u b s t a n t i a t e  
t h a t  c ~ q c l u s i o n .  So one: c a n ' t  say it is  apparen t .  
Now, t h i s  pa1:ticular s t a t emen t  winds up i n  about 
t h r e e  p l a c e s ,  two other:; besides he re .  And one of  then1 i s  
i n  t h e  o ~ n c l u s i o n .  
Now, i f  i t  is  i n  t h e  conc lus ion ,  I t h i n k  you 
ought to  g i v e  a l i t t l e  rnore weight  t o  it. '  
CATHERINO: ]?ow may I r e p l y  t o  t h a t ?  
That  part icu:Lar p i e c e  o f  evidence was in tended  t o  
suppor t  t h e  problem of changes of r e a c t i v i t y  of  t h e  a u x i l i a r y  
e l e c t r o d e .  This  was a t t r i b u t e d ,  and t h e r e .  i s  s u f f i c i e n t  
, 
evidence.- . in t h e r e  t o  sulzjstantiate,  t h a t  t h i s  was due t o  
movement of e l e c t r o l y t e .  
Now,  in order to pursue this, an attempt w a s  
made t o  r e l a t e  it t o  t h e  c a t a l y t i c  m a t e r i a l  on t h e  1:ecombina- 
t i o n  e l e c t r o d e s ,  and I have t o  p o i n t  o u t  a g a i n ,  that: you say  
t h e r e  a r e  c e r t a i n  d i f f e r e n c e s  involved.  The m a t e r i a l s  taken 
off by hand, i t  has  t r i e d  -- w e 4 t r i e d  t o  meet cer ta : -n  
s p e c i f i c a t i o n s  i n  b u i l d i n g  t h a t  recombination elcct1:ode. 
There are t imes when t h e  t o l e r a n c e s  are d i f f i c u l t  t o  achieve.  
SEIGER: VEry simply. 
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Could you,  from the d a t a  t h a t  you have ,  t h e  way 
. . 
it i s  r e p o r t e d  h e r e  on page B - 1  -- and I w i l l  read t h e  e n t i r e  
t h i n g  if you s o  wish --  could  you so s t a t e  t h a t  it. i s  
a p p a r e n t  from t h e  above ana l .ys i s  t h a t  t h e  p l a t i n u m  h a s  n o t  
moved o u t  of t h e  recom's ina t ion  e l e c t r o d e ?  
From what y(3u are t e l l i n g  m e ,  you d o n ' t  have any. 
ev idence  whatsoever ,  t o  make t h a t  s t a t e m e n t .  
CATHERINO: Oh, o f  c o u r s e  we do. 
SEIGER: Where? 
CATHERINO: I j u s t  s a i d  -- 
SEIGER: I t  :is apparen t  from t h e  a.bove a n a l y s i s  -- 
FORD: Gentlemen, I w i l l  have  t o  c u t  it. 
I would l i k e  t o  s u y g e s t  t h a t  you g e t  t o g e t h e r  
o v e r  c o c k t a i l s ,  because I t h i n k  it w i l l  be a n  i n t e r e s t i n g  
evening.  
(Laughter ) 
I would like t o  take t h e  chance t o  e n t e r t a i n  o t h e r  
comments on t h i s  .. 
S t e v e ,  you had your  hand up? 
A r e  t h e r e  o t h e r s ?  
GASTON: Gaston, Grwnman. 
I j u s t  have  a general q u e s t i o n .  
T h e  p1at inu.r  m i g r a t i o n  a p p a r e n t l y  i s  no .Longer 
a problem. I have see11 c a r l i ~ r  reports where it was a problem 
~ c t u a l l y ,  w h a t  has occured  i n  t h e  c o n s t r ~ ~ c t i o n  
era1 Repocters, Inc 
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I 
o f  t h e  recombinat ion  c3lectrode, wE~ich makes t h e  m i g r a t i o n  I i 
no  l o n g e r  a problem? 
CATIIERINO: I t h i n k  i n  t h i s  case, you see, t h i s  
is  a r e l a t i v e  measure t h a t  you a r e  t a l k i n g  a b o u t ,  when 
you p la t inum d o e s n ' t  m i g r a t e .  
Now, i f  you want t o  take t h i s  down t o  a microscopic 
I 
l e v e l ,  for example i f  you p u t  i n  a l e a d  e l e c t r o d e ,  which i s  
. .. 
extremjj ly s e n s i t i v e  t o  t h e  p r e s e n c e  o f  p l a t i n u m ,  t h i s  becomes 
impor tgn t .  And you can  show some m i g r a t i o n  may t a k e  p l a c e  
here. 
Now i n  t h i s  p a r t i c u l a r  c a s e ,  a n a l y s e s  of the 
membrane m a t e r i a l s  i n  t h e r e ,  of  t h e  -- s e a r c h i n g  t.he i n s i d e  
o f  t h e  ce l l ,  d i d  n o t  show any p l a t i n u m  l o c a t e d  i n  o t h e r  
places. And also t h e  a n a l y t i c a l  d a t a ,  when a p p r o p l u i a t e l y  
c o r r e c t e d  w i t h  t h i s  i n f o r m a t i o n  it w a s n ' t  i n ,  alsct f a l l s  
i n  w i t h i n  t h e  a p p r o p r i a t e  c o n f i d e n c e  i n t e r v a l s ,  t o  show t h a t  
w i t h i n  the a n a l y t i c a l  method, no p l a t i n u m  had m i g r a t e d .  
' FORD: Okay, l e t ' s  take one o t h e r  quesi:ion, and 
t h e n  we w i l l  have  t o  close i t ,  I b e l i e v e :  
WEIMINGER: My name i s  Weininger ,  G.E. 
T h i s  happens t o  be no c o n n e c t i o n  w i t h  d e f e n d i n g  
t h i s  p a r t i c u l a r  r e p o r t ,  but I happen t o  b e  one of the 
e d i t o r s  of t h e  j o u r n a l  t h a t  Harvey has  ment ioned,  and maybe 
as  a m a t t e r  of comic r e l i e f ,  he  might he  i n t e r e s t e d  -- 
Harvey -- t h a t  fo r  two or three years  we h a m  beim consicleri 
Whether o r  n o t  t h i s  is  a good ana logy ,  I l e a v e  up 
t o  you,  t h e  aud ience ,  t o  d e c i d e .  But  it r a i s e s  a &if f e r c n t  1 I 
! 
p o i n t ,  which I am s e r i o u s  a b o u t ,  and it is i n t e r e s t i n g  i 
because  i n  t h e  e d i t o r i a l  board  I a m  one o f  t h e  m i n o r i t y  who 1 
I ;'I1 b e l i e v e s  t h a t  r e f e r e n c e s  t o  c o n t r a c t  r e p o r t s  s h o u l d  n o t  b e  i L 
9 I! The r e a s o n  i s  that r e p o r t s ,  p o s s i b l y  one l i k e  1 
3 allowed i n  t h e  J o u r n a l -  
10 
, : I /  t h i n k  i t  i s  d i f f i c u l t  t o  j u s t i f y  g i v i n g  e q u a l  r e l i a r i c e  t o  
t h i s  under  d i s c u s s i o n  h e r e ,  a r e  w r i t t e n  i n  a g r e a t  deal of 
.i 
12 I a h u r r y  towards  mee t ing  a d e a d l i n e ,  and most  of a l l ,  a r e  n o t  reviewed by e x t e r n a l  r e f e r e e s .  And f o r  t h a t  r e a s o n ,  I I 
~d 11 And t h i s  is  s t r i c t l y  a m i n o r i t y  o p i n i o n .  
l d 4  
1:j 
FORD: Thank you', 
I t h i n k  that w i t h  that w e  w i l l  c l o s e  it. 
I t h e s e  f i n a l  government r e p o r t s ,  a s  w e  a r e  t o  o t h e r  1 - i t e r a t u r e  I / r e f e r e n c e s  which a r e  reviewed.  1 I i 
I i I 
1 9 1  I would l i k e  t o  thank  D r .  S e i g e r  f o r  h i s  v i g o r o u s  
20 I1 going  o v e r  t h i s ,  and I would a l s o  l i k e  t o  t h a n k  
2 1  I1 D r .  C a t h e r i n o  f o r  r e spond ing .  
22 11 CATHERINO: I would j u s t  l i k e  t o  add one o t h e r  
Would you p3.ease tell t h e m  what the results of 
I Reporter!;, In(.. i ' 
2 , ~ ~ ;  t h e  t es t  were  for t h e  i~ardware?  
FORD: Oh, okay. 
These were ?he first recombina t ion  e l e c t r o d e  
cel ls  t h a t  I am aware.(]£ t h a t  haye gone o v e r  a y e a r .  We 
curren$l.y.  have second .cyeneration of  t h e s e  where w e  a r e  looking 
a t  t h e  h i g h e r  r e s i s t o r ,  
I might  p o i n t  o u t  t h a t  t h e  r e s u l t s  o f  t h i s  work .  
has goqe d i r e c t l y  i n  t h e  Apol lo  t e l e s c o p e  mount b a t t e r i e s  whic 
Genera%, Electric i s  producing f o r  H u n t s v i l l e  a t  t h i s  p o i n t .  - . 
N 7 1  -2!86fjg3 Without  f u r t h e r  ado, I would 1 e ta i n t r o  uce  
Sam Bogner,. o f  Je t  P r o p u l s i o n  L a b o r a t o r y ,  and he would l i k e  
t o  take a few minutes  on  t h e  Mar iner  7 1  B a t t e r i e s .  
Sam? 
BOGNEK: I have a c o u p l e  o f  topics t o  d i s c u s s .  
I t  is  n o t  q u i t e  as t e c h n i c a l ,  I '  g u e s s ,  as some o f  t h e  
d i s c u s s i o n s  we have seen  l a t e l y  t h i s  a f t e r n o o n ,  and it i s  a t  
t h e  . far  ext reme of Jerry's f i r s t  s l ide t h a t  h e  p u t  on t h i s  
morning. 
I am go ing  t:o more o r  less t a l k  a b o u t  t h e  hardware ,  
and mayhe g e t t i n g '  back close t o  what S t e v e  Gaston w a s  t a l k i n g  
about, what do  w e  do  with  t h e  b a t t e r y  a f t e r  w e  have  g o t  it? 
How do we keep i n  t o p  c l o n d i t i o n ,  and rnake s u r e  it i s  a good 
b a t t e r y  when w e  f l y  it? 
So the partjcirlar b a t t e r y  I am taf.l;ing a'-,out i n  
f o r  t h e  Mar ine r  s p a c e c r a f t ,  and this is  a p i c t u r e  o f  it. 
!ral F:epor ters, Inc. 
25 
The b a t t e r y  a a t u a l l y  f i t s  i n  one of the? -- what 
we c a l l  t h e  hays. We have e i g h t  hays  on the spacec:raft ,  
w i t h  thermal  c o n t r o l  r i g h t  on t h e  bay. 
So t h e  b a t t e r y  f i t s  r i g h t  i n t o  t h a t  bay and it is  
e a s i l y  pu t  on and removed from t h e  s p a c e c r a f t  i n  (:omparison 
t o  s0mt.i ocher  s p a c e c r a f t s ,  
( S l i d e .  ) 
The des ign  of t h e  b a t t e r y ,  t h e  packagirlg concept ,  
' L )  
i s  t h a e  it i s  an i n t e g r a l  part of the s t r u c t u r e ,  so t h e  
b a t t e r y  he lps  hold t h e  s p a c e c r a f t  together. I t  ccmsis t s  
of 26 cells l a i d  i n  two rows. Each c e l l  i s  i n s u l a t e d  with a 
wrap of f i b e r g a s s .  The c e l l s  a r e  r e t a i n e d  i n  t h e  c h a s s i s  
py compressive fo rces .  We u s e  no p o t t i n g ,  and w e  have good 
h e a t  conduction throuqh louver  c o n t r o l .  
The s i z e  o f  t h e  b a t t e r y  is approximate1.y 20 i nches  
by 1 8  inches  by 4 . 1  inches .  
The cel ls  t h a t  w e  use are 20 ampere hour cell. 
The b a t t e r y  i s  mounted both t o  t h e  i n n e r  and outer 
r i n g  on t h e  s p a c e c r a f t  buss .  W e  have temperature  t r a n s d u c e r s  
on t h e  c e n t e r  c e l l s  and a l s o  thermal  swi t ches ,  t h ~ t  
s h u t  off t h e  charge,  should we g e t  it t o o  warm. 
( S l i d e  . ) 
Thi s  i s  what t h e  b a t t e r y  looks l i k e .  Here i t  
i s  be ing  prepared f o r  thermal vacuum t e s t i n g .  
The temperdtur-e %:-ansdueerrs rneasuro the t c l n p e r a t u r ~  
mm90 I1 I of t h e  b a t t e r y ,  a r e  1c'cate.d he re  -- one on each sick i n  t h e  . . I 
411 
found o u t  t h a t  we only have about  a 3 degree  spreacl I 
2 
3 
from one end of  t h e  b a t t e r y  t o  t h e  o t h e r ,  s o  we have a f a i r l y  
I 
c e n t e r  of t h e  battery, where w e  expec t  t h e  tempera1:ure t o  be 
t h e  warmest. However, dur ing  thermal  vacuum t e s t i n q ,  w e  
uniform tempera-ture. 1 I 
( S l i d e .  ) 
8 1 1  , Thi s  is a s t a r t  of t h e  assembly of  it. Here a r e  I li t h e  cells being wrapped. 
( S l i d e .  ) 
'This is t h e  c h a s s i s  f o r  t h e  b a t t e r y  which i s  I ! 
machined o u t  of a s o l i d  block of magnesium, s o  i t  :Ls q u i t e  i I
a ' j o b  producing t h a t  c h a s s i s .  I 
I 
Th i s  is a cel l  compression p i c t u r e ,  where 'the c e l l s  I 
ate  p r e s t r e s s e d  t o  g e t  t h e  c o r r e c t  l e n g t h s ,  s o  w e  have t h e  
p roper  compression when w e  mount them i n  the battery .  
By t h e  way, t h i s  b a t t e r y  was b u i l t  by TIIW. Here 
2 0 / 1  it shows t h e  c e n t e r  ce l l  and ou r  thermal  p l a t e 8  thaf:  t h e  I 
2 1 temperature  t r ansduce r s  a r e  mounted on and t h e  thermal  
22 I1 swi tches ,  s o  t h a t  we have k i n d  of an average  tempera ture  
2 3  1 a c ros s  t h e  c e l l .  I 
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t h e  chas s i s .  We have a coa t ing  o r  layer of RTV coml~ound s o  
. - 
w e  have good thermal  cctnduction between t h e  basepla .=e of 
t h e  b a t t e r y  -- i f  you tilt t h a t  up -- t h e  p a r t  t h a t  Vou c a n ' t  
see i s  t h e  part t h a t  i s  on t h e  o u t s i d e  of  t h e  space ' z r a f t  and 
t h e  l ouve r s  are mounted on t h a t  s i d e  05 t h e  b a t t e r y .  
This i s  another  s t e p  i n  t h e  assembly whe.re 
they  a r e  p u t t i n g  t h e  keeper  b a r s  a long t h e  s i d e s  of t h e  c e l l s ,  
,r t h e  ends.  
Here they  are compressing t h e  cel ls  back be fo re  
they  t i g h t e n  down t h e  keeper bars,. . 
( S l i d e .  ) 
And he re  was; some t e s t i n g  t h a t  we d i d .  Our 
p r o j e c t  management, I quess ,  s h o r t l y  a f t e r  t h e  Apollo 
i n c i d e n t ,  were kind  of  i n t e r e s t e d  i n  what k ind  of p r e s s u r e s  
t h e s e  c e l l s  would ho ld ,  So we r a n  some p r e s s u r e  t e s t s .  This  
p a r t i c u l a r  ce l l  was a GE cel l ,  and w e  t e s t e d  t h i s  one 
u n r e s t r a i n e d .  'The-pict :ure h e r e  was taken  a t  about  300  pounds 
and w e  looked a t  it a t  500 p s i ,  and it was s t i l l  the same 
shape. 
A f t e r  t h a t  w e  d i d n ' t  look a t  it any more. 
(Laughter,  ) 
( S l i d e .  ) 





























a t  approx imate ly  1100 p s i .  . 
W e  blew t h e s e  ce l l s  u s i n g  compressed n i t r o g e n  
and i n c r e a s i n g  t h e  p r e s s u r e  a t  a b o u t  50 pounds p e r  minute .  
So perhaps  i f  w e  had p r e s s u r i z e d  them a l i t t l e  more s l o w l y ,  
t h e y  migh t  have  b u r s t  a t  a l i t t l e  lower p r e s s u r e .  
. ( S l i d e . )  ' 
T h i s  i s  a n o t h e r  s h o t  o f  a  Gul ton  cel l  t h a t  w e  
t e s t e d  r e s t r a i n e d ,  and -- 
(Laughter .  ) 
-- h e r e  i s  p a r t  of it. T h i s  i s  t h e  k i n d  o f . t e s t i n g  I l i k e .  
T h a t  w a s  a b o u t  1300 p s i .  
( S l i d e . )  ' 
T h i s  i s  a  t y p i c a l  c h a r g e  d i s c h a r g e  of thcz'kattery. 
And t h a t  w e  performed i n  t h e r m a l  vac .  
The b a t t e r y  b a s e p J a t e  is a c t u a l l y  t h e  t e m p e r a t u r e  
c o n t r o l  i n  t h e  t h e r m a l  vacuum chamber. I t  w a s n ' t  t h e  b a b t e r y  
i t s e l f ,  i t  was t h e  b a s e p l a t e  the battery w a s  s i t t i n g  on. . 
So w e  got a b o u t  27.6 ampere h o u r s ,  and w e  b u i l t  a  t o t a l  of t e n  
mtteries on t h i s  program, and most  of them are r u n n i n g  
p l u s  o r  minus. a b o u t  one  miere .hour.  
So t h e y  a r e  a l l  p r e t t y  close r i q h t  now. 
I t  is a  l i t t l e  t o o  e a r l y  t o  t e l l  if we are going  
t o  have  t h e  same problems t h a t  S t e v e  h a s  had and showed u s  
t h i s  a f t e r n o o n .  
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I 
T would l i k e  t o  q u i c k l y  r u n  th rough  and t h i s  i s  I 





P l a n  A.  We would n o t  i n s t a l l  t h e  f l i g h t  b a t t e r y  
u n t i l  w e  g e t  down t o  1:he Cape, and s h o r t l y  b e f o r e  launch.  
I 
what w e  a r e  proposing t o  o u r  management on how t o  : ~ a n d l e  t h e  
1 
b a t t e r y .  [ 
B r i e f l y ,  wc: had t h r e e  b a s i c  p l a n s  t h a t  we eonsidere3 
I 
a n d ' I  w i l l  go through and show o u r  h a n d l i n g  f low p l a n .  You 1 
probab ly  a r e n ' t  i n t e r e s t e d  i n  o u r  s c h e d u l e .  Our f l i q h t  
b a t t e r y  l a b  o p e r a t i o n s  -- i n  a t h e r  words, what w e  30 w i t h  t h e  
b a t t e r y  i n  t h e  l a b .  Our s e l e c t i o n - r e j e c t i o n  c r i t e r i a  f o r  
t h e  b a t t e r y  and c o n s t ~ r a i n t s  t h a t  w e  a r e  go ing  t o  a t t e m p t  
t o  impose on t h e  p r o j e c t  w h i l e  t h e  b a t t e r y  is  on t h e  space- 
c r a f t .  And t h e n  b r i e f l y ,  some o f  t h e  t e s t i n g  t h a t  w e  
are d o i n g  i n  t h e  l a b  1:o h e l p  c h a r a c t e r i z e  t h e  b a t t ~ r i e s .  / 
T h i s  i s  t h e  way w e  have handled  it i n  t h e  p a s t .  O f  c o u r s e ,  
on other flight programs, we have flown si lver zinc batteries 
I/ and t h e  l i f e  t h e r e  is  a l i t t l e  more c r i t i c a l ,  w e  f e e l ,  t h a n  
it is  on t h e  nicad,  
I n  t h i s  plrin, of c o u r s e ,  w e  would have  :ninimum 
h a n d l i n g ,  and v e r y  l i t t l e  u n c o n t r o l l e d  environment .  And 
when I s a y  u n c o n t r o l l c ~ d ,  I d o n ' t  r e a l l y  mean it i s  
23 
24 
ral R ~ p o t t ? r s ,  Inc. 
u n c o n t r o l l e d ,  b u t  it i.s n o t  c o n t r o l l e d  l i k e  you have  i n  t h e  1 
I 
I 
l a b o r a t o r y .  
, The d i s a d v a n t a g e s  of n o t  i n s t a l l d i n g  thj.,5 battery 
u n t i l  you a re  a t  t h e  C,spe , ' i s  t h a t  you have no o p e r a t i o n a l  
performance d a t a  of the b a t t e r y  whi le  it is  on t h e  s p a c e c r a f t  
and w e  don' t f e e l  it r e a l l y  t a k e s  advantage of  t h e  nickad 
c a p a b i l i t y .  
( S l i d e .  ) 
Plan  B i s  going t o  t h e  o t h e r  extreme, and p u t  
t h e  b a t t e r y  on t h e  s p a c e c r a f t  t h e  f i r s t  oppor tun i ty  w e  have 
when they  f i r s t  s t a r t  t e s t i n g .  
The advantages t h e r e  a r e  a maximum t e s t  exper ience  
a t  t h e  s p a c e c r a f t  l e v e l .  And it t a k e s  f u l l  advantzge o f  the 
nicad. c a p a b i l i t i e s .  
The ,'ilisadva:ntages t h a t  w e  see i n  i n s t a l l i n g  I 
I 
t h e s e  b a t t e r i e s  e a r l y  i n  t h e  program, i s  t h a t  t h e  t ,emperature 
I 
e n v i r 0 n m e n t . i ~  n o t  r e a l l y  w e l l  c o n t r o l l e d ,  althouyl-, they  I 
do have a i r  condi t ioni :ng,  every  s o  o f t e n  it k ind  of' f o u l s  up 
and is  n o t  working. 
W e  have a d d i t i o n a l  v i b r a t i o n  a t  t h e  s p a c e c r a f t  
l e v e l  which we f e e l  would degrade t h e  r e l i a b i l i t y .  And t h i s  
is a  p o i n t  I h a v e n ' t  s een  t o o  much i n  t h e  l i t e r a t u x b e  on,  i 
t h a t  is  how much v i b r a t i o n  can you keep g i v i n g  a  klat tery o r  
a c e l l ,  and when do  yo'a r e a l l y  f i n d  o u t  t h a t  i t  i s  harmful. 
This  i s  something t h a t  w e  d o n ' t  r e a l l y  know. 
W e  have danger of improper t e s t i n g ,  p u t t i n g  t h e  
b a t t e r y  on t h e  s p a c e c r a f t  e a r l y  i n  t h e  game. And a l s o  w e  feel 
t h a t  i t  woald require tighter operational c o n s t r a i r t s  or1 t h e  
188 
s p a c e c r a f t  systems t e s t  people.  
(S l ide .  1 I 
The p l an  t h a t  w e  f i n a l l y  came up wi th  h e r e ,  i s  t h a t  
t h e  b a t t e r y  would be i n s t a l l e d  on t h e  s p a c e c r a f t  f o r  t h e  
s o l a r  thermal  vacuum t e s t i n g ,  and t h e  f i n a l  system t e s t i n g  
a t  t h e  Eas t e rn  T e s t  Rangeof  t h e  Cape. 
The advantage t o  t h i s  p royran .  w e  saw was t h a t  w e  
g e t  t h e  most r e a l i s t i c  tes t  d a t a  dur ing  t h e  s o l a r  the.rmal 
\ vacuum t e s t i n g ,  because we a r e  a c t u a l l y  t r y i n g  t o  d u p l i c a t e  
f l i g h t  cond i t i ons ,  t empera tures ,  and we d o n ' t  f e e l  t k ~ a t  
t h i s  should hamper s p a c e c r a f t  t e s t i n g .  WE g e t  more meaningful 
d a t a  from t h e  b a t t e r y  and b a t t e r y  charger  i n t e r f a c e  cin t h e  
s p a c e c r a f t .  A n d  it rni.nirnizes exposhre t o  p o s s i b l e  harmful - 
environments. 
The  d i sadvantages ,  p o s s i b l y ,  a r e  l o s s  of tes t  
77  more exper ience  on t h e  s p a c e c r a f t  and w e  have cons iderab l .  I 
handl ing  of t h e  b a t t e r y ,  and y o u . d o n t t  know e x a c t l y  what happe s 1 
when they  are c a r t i n g  t h e s e  batteries back and f o r t h  between 
t h e  b a t t e r y  l a b  and t h e  s p a c e c r a f t .  Although w e  a t t empt  t o  
have someone r i d e  along w i t h  each b a t t e r y .  I 
W e  d i d  l o s e  o u t  on a p o i n t  he re  where t h e  pxogram 
management sa id  they  would l i k e  t o  see us  p u t  t h i s  b a t t e r y  
on t h e  s p a c e c r a f t  f o r  i t s  v i b r a t i o n  test. .  
( S l i d e .  ) 
1 Thi s  i s  o u r  handl ing f low p lan .  FIJe r ece ived  t h e  
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b a t t e r i e s  from TRW i n  J u l y .  We are s tor i f ig  them i r ,  t h e  
. . .  
b a t t e r y r l a b .  AFter w e  g e t  them i n  from TRW, we review t h e  
l og  book data. W e  have a hardware review a t  t h e  p r o j e c t  l eve l  
W e  perform a f i n a l  l eak  tes t  us ing  t h e  p h e n o l p t h a l ~ ! i n  
l eak  test. 
The b a t t e r i e s  a r e  c leaned.  They go th rocgh  a 
conformal coa t ing  of  t h e  t e rmina l s  and a l l  exposed su r f ace .  
That ig t e rmina l  encapsu la t ion ,  n o t  thermal  encapsu la t ion .  
And then it r e c e i v e s  tempera ture  con t ro l '  p a i n t .  
-Steps 9 and 10 i s  charge and d i scha rge  c a l i b r a t i o n  
which .1  w i l l  mention i n  a minute,  t h a t  w e  perform 
approximately once a month. 
So we go through q u i t e  a  b i t  of handling and back 
and f o r t h  between t h e  l a b  and t h e  s p a c e c r a f t .  
I w i l l  s k i p  t h e  schedule .  
This  i s  some o f  t h e  work t h a t  w e  are doing i n  
t h e  lab, s t o r i n g  t h e  b a t t e r i e s ,  performing cond i t i on ing  
c y c l i n g  and then  t h e  f i n a l  checkup and cond i t i on ing  be fo re  
f l i g h t .  
(S l ide .  ) 
S e o r i n q .  t h e  b a t t e r y  s h o r t e d ,  i n  t h e  a i r -condi t ioned  
room where we have redundant a i r  cond i t i on ing ,  because we have 
had problems t h e r e .  So we keep the l ab  p r e t t y  c l o s e  t o  70 
degrees. 
The b a t t e r i e s  a r e  kep t  i n  locked s t e e l  c a ~ i n e t s  
. - 
i n  t h e i r  handl ing f i x t u r e ,  w i t h  connector  s a v e r s  on,  and 
w e  have a minimum of  mate-demates on t h e  f l i g h t  connec tors ,  I 
and then  each t i m e  a  b a t t e r y  i s  moved o r  anything i s  done 1 
t o  it, k?e keep a record  of it and it is  monitored by QA. 
( S l i d e .  ) 
This  is a  cond i t i on ing  c y c l e  t h a t  w e  perform on 
t h e  b a t t e r i e s  every four t o  s i x  weeks. ' And it i s  performed 
. on a h e a t  s h k  where w e  c o n t r o l  t h e  temperature of  t h e  
b a t t e r y  between 60 t o  70 degrees .  The charge  and d i scha rg ing  
i s  c o n t r o l l e d  by o u r  bench t e s t  equipment. And the cyc le  
c o n s i s t s  of a 2-amp charge t o  37.5 v o l t s  and then  t r i c k l e  
charged f o r  24 hours .  
Discharge c y c l e  is 1 2  amps t o  one v o l t  olr the 
first c e l l ,  
The b a t t e r y  i s  t h e n  sho r t ed  out and put back in 
s t o r a g e .  
And w e  keep a r e c o r d ,  of cou r se ,  o f  the temperatur 
and b a t t e r y  ce l l  v o l t a g e s  and t h e  c u r r e n t .  
, 
( S l i d e .  ) 
The f i n a l  p h y s i c a l  examination t h a t  w e  i q t end  t o  I 
I g i v e  t h e  b a t t e r y  would be, a f t e r  it has' been on t h e  s p a c e c r a f t [  
i 
through some systems t e s t ,  arzct just hefore they tak3? t h e  1 
I 
. , s p a c e c r a f t  ; o u t  t o  t h e  exp los ive  safe a r e a ,  arm it, we remove j 

i n ,  run a charge r e t e n t i o n  t e s t  f o r  s h o r t s ,  and then  bench I " 11 tes t ,  which c o n s i s t s  of  d iode leakage, p i n  i n s u l a t i o n  r e s i s t a n  3 ,  
4 
1 t o  pick t h e  f l i g h t  b a t t e r y .  W e  have f i v e  batteries. W e  I 8 




will be f l y i n g  two s p a c e c r a f t ,  so w e  w i l l  p i ck  two oi! t h e  1 I i 
bGst b a t t e r i e s ,  w e  hope. Then w e  w i l l  have a backup b a t t e r y ,  1 
it a charge-discharge cyc l e ,  and f i n a l  v i s u a l  examination.  
( S l i d e .  ) 






1 ,  t i m e  i s  37.5 v o l t s .  This  should g i v e  us  some measure of  13 I i 
1 1  
12 
I/ 14 whether we a r e  having t h e  problem t h a t  S t eve  had where t h e  
v o l t a g e  is going up on him. I f  it goes up on u s ,  w e  should 
too .  
The s e l e c t i o n  c r i t e r i a ,  t h e  c a p a c i t y ,  t h e  c h a r g e -  
probably reach  t h i s  37.5 vo l t s  q u i c k e r  than  normal. I 
t 
i 
17 11 C e l l  un i formi ty ,  that should he d e l t a  V between I 
t h e  c e l l s .  And a l s o  un i formi ty  from cyc le  t o  cyc l e .  
18 
Ahd r e j e c t i o n  c r i t e r i a .  I t h i n k  most everybody 
19 I 
I/ would probably ag ree ,  i f  w e  have e l e c t r o l y t e  leaks c r  20 
i n t e r n a l  s h o r t s ,  battery t o  chassis s h o r t s  and mechmica l  
2 1 
d e f e c t s ,  e t  c e t e r a .  
22 
( S l i d e .  ) 
I Constraints t h a t  wi! w i l l  lmld  the spacecl-aft t e s t i n g  
2 4  I 
R e ~ o l b l s .  Inc. 11 to i s  a maximum 60 p e r c e n t  dep th  of discharge on t h e  
2 5 















9 1 /  h ighe r  r a t e ,  b e f o r e  t hey  swi t ch  t o  t h e  t r i c k l e .  I 
192 
s p a c e c r a f t ,  f o r  approximately 1 2  ampere h o u r s .  
Maximum temperature  t h a t  w e  w i l l  a l l ow  them t o  
see i s  100 degrees  F, a t  an end of  a d i s cha rge ,  o r  t hey  
should n o t  be over  80 degrees  F i f  they a r e  co l~ t in t ious ly  
ope ra t ing .  
W e  w i l l  t r i c k l e  charge t h e  b a t t e r i e s  eicrht hours  
a day,. Th i s  i s  about  a C over  30 r a t e .  Anytime they  use  1 
'I 0 
'I 
' 11 v o l t a g e  l i m i t s .  Extended miss ion  tests .  




And any n o t i f i c a t i o n  of any unplanned t e s t s ,  and 
w e  r e q u i r e  t h a t '  t hey  keep good records. W e  have a charge 
I 
. !  
! 
v o l t a g e  ve r sus  temperature  l i m i t s  t h a t  w e  ho ld  then, t o .  
( S l i d e .  ) 
Some of  t h e  tests t h a t  w e  a r e  doing i n  1:he l a b .  
17 
l 8  
l 9  






One of t h e s e  tests c o n s i s t s  of an 80  p e r c e n t  
dep th  of  d i scharge .  A 3 3  hour o r b i t .  I t  is about  a 3 1 / 2  
hour d i scha rge .  The r e e t  of t h e  t i m e  i s  used f o r  charging.  I 
21 0 
21 
23 11 On the bat ter ies ,  w e  will he per fo rminq  rnonth1.y I 
1 W e  a re  running overcharged r eve r sed  d i s c h a r g e  t e s t ~ n g .  Charged 
I i 
perfarming s t o r a g e  tests which a r e  i n  p roces s ,  
s t o r i n g  t h e  c e l l s  s h o r t e d ,  d i s cha rged  open c i r c u i t , ,  and 
24 
1 1  Reoortel*~, Ir c. 
25 
cyc l ing .  Perform t h e  b a t t e r y ,  b a t t e r y  charge compzi t ib i l i ty  ' 



































































































































































































































b u i l t  $or u s  by TRW and i s  computer c o n t r o l l e d .  O n e  of  t h e  
2 
4 
5 j  
6 
8 n i c e  ' t ) ~ i n g s  ab,out t h i s  i s  you d o n ' t  -- it d o e s n ' t  ! ;pi t  o u t  
1 v a r i o u s  b a t t e k y  performance d a t a  -- and I have t o  (yo through 
t h e  d a t a  and look a t  t h e  -- 
I Vhis is  o u r  t e s t  equipment -- bench tes.: equipment 
/ t h a t  i s  capab le  o f  handl ing t h r e e  b a t t e r i e s .  I t  was 
9 a l o t  b ) f  d a t a  a t  you. 'You can set  it s o  t h a t  it on ly  
p r i n t s  o u t  a  clel ta  V ,  s o  much and s a v e s  a l o t  of paper .  
These a r e  t h e  b a t t e r i e s  i n  t f e i r  h a n d l i ~ l g  f i x t u r e ,  I 
I/ and s e t t i n g  mn t h e  h e a t  sinks, which a r e  t he rma l  e : l e c t r i c  
'1 4 
11 5 
h e a t  synchs . 




sca led  'up t h e  d a t a  from s m a l l e r  ce l ls ,  which : ' fa l l s ;  i n  
l l  I1 
T h i s  i s  j u s t  a b i t  of tes t  data h e r e  on t h e  
cel l  l e v e l .  These ce l ls  were on t r i c k l e  charge  a t  abou t  C 
ove r  30 r a t e  f o r  s i x  months, b e f o r e  t h i s  d i s c h a r g e  was 
19 
io 
P:! t a p e  I/ p r e t t y  c l o s e .  
22 ii 
performed. 
So t h e  dashed l i n e  was a TRW d a t a ,  where t hey  / 
rt: # 3  Now t h e i r  data was based on 70 degree F, where 
we have got  d a t a  points at D O  degree P ,  which i.s approx iaa t e ly  II 
I n e l ~ r t o r s ,  Inc. room t empe ra tu r e ,  and a 50 deg ree  F chamber. 
25 11 
Now t h e  c e l l s  themselves were probably running 3 
t o  5 degrees  above t h e  50 and 80 degrees  F. A t  50 degrees  
F you d o n l t  s e e  much degrada t ion  y e t ,  and a t  80 degrees  you 
see cons ide rab le  deQradation where t h e  ce l l  capac i ty  is  
only 15 ampere hours .  
( S l i d e .  ) 
This  was t h e  nex t  cycle a f t e r  t h e  one I j u s t  showed 
approximately 2 4  hours  l a t e r  we recharged it and d i scharged  
it again .  
And a t  50 degrees  F you can see t h a t  w e  had very 
l i t t l e  degrada t ion ,  whereas a t  80 deg rees ,  even a f t ~ ~ r  t h a t  
l a s t  d i s cha rge ,  it d i d n ' t  improve much. 
So we are in t end ing  t o  fly these batter ies  i n  a 
temperature  range of low 5 0 ' s  and low 60 degrees .  
That  i s  a l l .  
I .  (Applause. ) 
FORD: Thank you, Sam. 
'You have a q u e s t i o n ,  Cark? 
CARR :. Carr  of Eagle  P i che r .  
Sam what was t h e  t r ea tmen t  of  t h e  cel ls  k ~ e f o r e  t h e  
I . ' - test? D i d  you say t h e y  were t r i c k l e  charged: 'continuously? 
BOCNER: Y e s ,  f o r  s i x  months. 
I 
CARR: What was t h e  amps? 





























STEINHAUER: S t e i n h a u e r ,  Hughes. 
Sam, I j u s t  wanted t o  comment t h a t  w e  have  run  
similar p r o p u l s i o n  tests  t o  what you d e s c r i b e d  e a r l i e r  on 
Gulton 6 ampere hours  cel ls  f o r  t h e  TACSAT 1 progran~ .  
However, w e  p r e s s u r i z e d  th rough  t h e  v e n t  t u b e .  
We used some cells t h a t  were gauged. These  were r u n  i n  t h e  
Surveyor  l o b s t e r  p o t ,  which i s  a l a r g e  s tee l  vessel. W e  
I 
expec ted  q u i t e  c a t a s t r o p h i c  r e s u l t s  when t h e y  u l t i m a t e l y  
wept ,  b u t  u n r e s t r a i n e d  t h e y  went  i n  a 300 t o  400 psi. r a n g e ,  
I 
and it w a s  t h e  stress r e l i e f  c o l l a r  a round t h e  metal. ce ramic  
! 
I 1  
t h a t  yie lded.  i I I 
- ! !  
And r e s t r a i n e d ,  t h e y  went i n  t h e  t h r e e  t c b  4000  
p s i  r a n g e ,  and it w a s  r a t h e r  u n s p e c t a c u l a r ,  sor t  o f  l i k e  a 
t i re  blowin4 o u t .  I t  may have  some sys tems  implica1:ion i n  
t h a t  what  p r e s s u r e  r e s t r a i n t  do you want  t o  d e s i g n  your  
b a t t e r y  package to. 
I n  o t h e r  words ,  d o  you want  t h e  ce l l  i f  :.t does  
go, s t i c k i n g  i n t o  ' t he  s p a c e c r a f t  o r  something less c a t a s t r o -  
phic? 
BOGNER: W e l l ,  I g u e s s  t h e  p r e s s u r e  t h e  c e l l  
may b u r s t  a t  i s  p r o b a b l y  dependen t  on t h e  r a t e  of  p ~ r e s s u r i z a -  







p r e s s u r i z e d  t h e m  s o  r a p i d l y .  50 pounds pe r  minute, I t h i n k ,  
i s  much f a s t e r  t h a n  you would g e t  ir, a p r a c t i c a l  usc:. 
STESNlIAUEIZ:\'12't.je p r e s s u r i z e d  much slower t h a n  t h a t .  
Reporters, Inc. 
.25 I 
FORD: Ancther comment, ques t ion?  
CARR: Carr of  Eagle P icher .  
J u s t  a s  an  a s i d e  t o  what Bob S te inhouer  s t l i d ,  
we took a  l a r g e r  ce l l - ,  such a s  a  36  ampere hourrand  you 
r e s t r a i n i n g  it, w e  can have it y i e l d  a t  about  1200 a t  t h e  
weld. 
And I t h i n k  t h i s  i s  p r e t t y  much a  f u n c t i o n  of t h e  
geometry,.?,A smal l  ce l l ,  l i k e  a l i t t l e  6 ,  would go t o  a  
h igher  p r e s s u r e ,  I am s u r e .  
BOGNER: Y e s .  W e l l ,  t h e s e  cel ls ,  a s  you can see 
from t h e  p i c t u r e s  t h e r e ,  b u r s t  a t  t h e  t o p  and a t  t h e  weld,  
and x i g h t  where t h e  t e rmina l  s e a l  was through t h e  t o p  of t h e  
c e l l .  
FORD: Did anyone monitor f o r  c e l l  s h o r t i n g  b e f o r e  
it b u r s t ?  
BOGNER: These cells weren't any good b e f o r e  w e  
blew them. They had been exposed t o  250 degrees  f o r  about  48  
I hours ,  and they were sho r t ed .  
CARRi. WE had a s h o r t  c e l l  a t  300 p s i  die.  no t  have 
any s h o r t  i n  it a f t e r  it rup tu red  t h e  w a l l .  And it was 
. l i k e  Bob S te inhaue r  s a i d ,  i t  was l i k e  a f l a t  t i r e ,  j u s t  
opened t h e  weld. 
FORD: Any o t h e r  q u e s t i o n s ,  commel~ts, on t h i s  
i 
1 I p r e s e n t a t i o n ?  
GEntlemen, it i s  a q u a r t e r  o f  f i v e .  Jerry, do w e  
have suppor t  he re  a s  lonq a s  w e  want it. 
HALPERT: As far a s  9 know, t h e  gentleman i : ~  t h e  
booth w i l l  s t a y  a s  long a s  w e  want him. 
FORD: Well, l e t  m e  g i v e  you t h e  situation. 
Why d o n ' t  you all s t and  up w h i l e  I a m  t e l l i n g  you. 
I t h i n k  everybody should s t r e t c h  t h e i r  l e g s  a t  a minimum. 
W e  have fou r  more p r e s e n t a t i o n s  i n  t h e  s e c t i o n  
t h a t  we can g i v e ,  'Tha t  i s  r e a l l y  up t o  t h e  group and whether 
you would l i k e  t o  s t a y  around f o r  ano ther  45 minutes ,  o r  -- 
w e  have a p r e t t y  - f u l l  schedule  tomorrow, 1 , u n d e r s t a n d .  
D o e s  anybody object t o  hanging a r0und .a  l i t t l e  
whi le  l onge r ,  and f i n i s h  up the s e s s i o n ?  
W e  could  t a k e  a break now f o r  f i v e  minutes.  
Is t h a t  s a t i s f a c t o r y ?  
(Recess.)  
Is t h e r e  anyone a t  t h e  meeting h e r e  that.  has  n o t  
s igned  t h i s  sheet of paper, t h e  s h e e t s  of paper t h ~ i t  w e r e  
o u t s i d e ?  
I f  n o t ,  why d o n ' t  you come up -- o r  he t r i l l  p a s s  
them t o  you r i g h t  now. Th i s  i s  t o  assure t h a t  you w i l l  g e t  
a copy o f  t h e  proceeding.  I f  your name i s  n o t  on h e r e ,  
d o n ' t  expec t  t o  r e c e i v e  one. 
J e r r y ,  is this different f r o n  the book t h a t  
you had outside for  them t o  s i g n ?  
HALPERT6 It i s  t h e  same one. 
FORD: The same one. 
11 I f  you have s igned  o u t s i d e ,  it i s  t h e  sane th ing .  I 
J u s t  make s u r e  t h a t  you have signed your name on  one of 
t h e s e  s h e e t s  of paper, today.  
Bob, I bezieve you had your  hand up? 
Okay, a t  t h i s  t i m e ,  we w i l l  reconvene. 
Our nex t  speaker  i s  Don Mains. Don i s  i n  charge 
of  t h e  NASA p o r t i o n  of t h e  b a t t e r y  tes t  f a c i l i t y  a t  t h e  
11 Naval Ammunition Depot i n  Crane. 1 
" I/ minutes to d i s c u s s  some a s p e c t s  of t h e  Crane program. 
10 
Don? 
MAINS: The o v e r a l l  program a t  Crane covers  many I 
A t  t h i s  t ime Don i s  going t o  t a k e  ebout  t e n  
1511. 
sometimes i t  gets q u i t e  confus ing  f o r  people  receiving o u r  
14 
l 6  1i reports and da ta  t o  assimilate a l l  that we are doing. So I 
. p h a s e s  o f  t h e  t e s t i n g  and e v a l u a t i n g  program, and a s  such ,  
17 
18 
l 9  
22 I/ o r b i t ,  IMP battery evaluation,  and some deep space probe t e s t s .  1 I 
thought  I might t a k e  t h i s  o p p o r t u n i t y  to  review some of t h e  
v a r i o u s  tests,  r e p o r t s ,  and g i v e  a l i t t l e  b i t  o f  t h e  d e t a i l ,  
I a l i t t l e  h i t  o f  in format ion  on what w e  mean when w e  say w e  are 
2o 
2 2 
23 / /  To s t a r t  G U ~  w i t h ,  t h e  acceptance tests c c n s i s t  I 1 
I running a p a r t i c u l a r  t e s t  such as accep tance ,  l i f e  c y c l i n g ,  1 g e n e r a l  performance, s e p a r a t o r  e v a l u a t i o n ,  s t o r a g e ,  synchronous 
I 
1 / 
24 I/ of three capacity c h e c k s ,  which determine a baseline f o r  t h e  i 
Repo~rtsrs, Inc. 
25 '1 1 c a p a c i t y  f a r  a l l  o f  ou r  f u t u r e  r e f e rences .  
Next t h e  cells.  Once we f i n i s h  t h e  capac: i ty 
checks ,  t h e  cel ls  a r e  t h e n  s h o r t e d  o u t  w i t h  a  r e s i s t o r  
f o r  1 6  h o u r s  u n t i l  t h e y  a r e  comple te ly  d i s c h a r g e d .  Then 
t h e y  are p l a c e d  on open c i r c u i t  i n  o r d e r  t o  d e t e r m i n a  t h e  
r e c o v e r y  v o l t a g e  as a  p a r t  o f  t h e  i n t e r n a l  r e s i s t a n c e ,  o r  I 
I 
' i n t e r n a l  s h o r t  tes t .  
Next ,  t h e  c e l l s  a r e  p l a c e d  i n  a h i g h  vacuum f o r  
24  hours .  Then t h e y  a r e  removed and s p r a y e d  w i t h  s o l u t i o n  of 
phenol  t h a l i n e  t o  d e t e r m i n e  l e a k s .  
T h i s  method w e  have  found a t  t h e  p r e s e n t  t i m e  
seems t o  be t h e  b e s t  way o f  i n d i c a t i n g  small l e a k s .  A l l  t h e  
methods t h a t  we had p r e v i o u s l y  used were u n s a t i s f a c t o r y . '  
f o r  one r e a s o n  o r  a n o t h e r .  
Fol lowing t h i s ,  t h e  cells were t h e n  p l a c e d  on 
what w e  c a l l  a n  overcharge  tes t ,  where w e  c h a r g e  them up a t  I 
C o v e r  1 0  r a t e  f o r  1 6  h o u r s  to get t h e m  f u l l y  charged.  Then 
t h e  r a te  is  reduced t o  C o v e r  20 r a t e  f o r  1 6  hours .  Then 
a g a i n  r a i s e d  t o  a C A o v e r  10  r a t e  for a n o t h e r  16 h o u r s .  
By l o o k i n g  a t  t h e  v o l t a g e s  a t  t h e  end of e a c h  of 
t h e s e  rates, w e  can  see i n  what d i r e c t i o n s  t h e  cell:; a r e  going 
'i 
A r e  t h e y  s t a b i l i z i n g ,  o r  a r e  t h e y  c o n t i n u i n g  t o  r i s e  o r  f a l l ?  I 
Fol lowing t h i s  w e  t h e n  r u n  what  w e  c a l l  iin I 
impedence measurement t e s t  w i t h  a M e w l e t  Paclcard mil1.i-ohm- i 
i 
I 
meter. Sometimes we have been a s k e d ,  exac t lv  w h a t  clues this I 
j 
mean? Does t h i s  show t h e  exact impedence? I 
L . ,  . , , . : .  . >_,"-+=;:..~1_ .I - ..- -li." , ^- , - - . iF . .  ._.L._?.:--.. i ---.  I.. - - . - .. . -. 
nlCl7 
1 W e  are no t  r e a l  s u r e ,  b u t  a t  l e a s t  it giv13s US a 
more r e l i a b l e  b a s e l i n e  t o  work from, I t  is very  r e p 2 a t a b l e ,  
it is  very  s imple ,  very quick.  
A l o t  of  o t h e r  methods,L.he p u l s e  methods, you g e t  
i n t o  a l l  k inds  o f  complicated equipment t h a t  i s  involved,  and 
a l o t  o f  s e t u p  t i m e ,  and when you a r e  f i n i s h e d ,  you a r e  n o t  
s u r e  o f  t h e  r e s u l t s  any more than you were of any of  t h e  
other t e s t s .  
So, e s s e n t i a l l y  t h e  acceptance test gives us :  One, 
a method f o r  removing any d e f e c t i v e  c e l l s  and s u p p l i e s  t h e  
d a t a  necessary  fo r  matching cells  f o r  f u r t h e r  t e s t i r ~ g ,  and it 
a l s o  sets a base  l i n e  f o r  any f u t u r e  e v a l u a t i o n s  thzlt 
might come along.  
The most d i v e r s i f i e d  program t h a t  we have going 
at Crane i s  t h e  l i f e  c y c l i n g  program. A t  p r e s e n t  t h e r e  have 
probably been somewhere in. the vicinity of 2000 ce1:Ls t h a t  
have gone through t h i s  program cover ing  such cells as n e w  
developments, charge c o n t r o l  methods, p recharge  a d j . ~ s t m e n t  
and numerous s a t e l l i t e  programs such a s  OAO, Teeter, Nimbus, 
OSO, OGQ,SQ, SAS. 
The tes t  parameters  on this p a r t i c u l a r  program 
consist of o r b i t  pe r iods  of 1 1/2, 3 ,  8 ,  1 2  and 24 hours. 
23 And test temperatures of minus 2 0 ,  z e ro ,  2 5 ,  40  and one 
/i 
2di, c y c l i n g  temperature of zero -Lo 40 degrees C.  
I R~por te rs ,  In:. / i  
The depths of  d i scha rge  range anywhere from 1 0  
~ h u s  f a r  t h e  program has  n e t t e d  a  l a r g e  volume I / II of  d a t a  which h a s  been analyzed by s t a t i s t i c i a n s .  : C t  also i ' 3 I 
h a s  g i v e n  some i n f o r m a t i o n  as t o  l i f e  expec tancy ,  weaknesses ,  1 4 I 
5 and changes i n  t h e  o v e r a l l  c h a r a c t e r i s t i c s  o f  t h e  b a t t e r i e s ,  11 e i t h e r  t h o s e  t h a t  a r e  on t e s t ,  o r  from one g roup  o f  t e s t  
6 
I/ samples  t o  t h e  n e x t ,  which may i n d i c a t e  a  change i n  7 
m a t e r i a l s  used ,  manufac tu r ing  p r o c e s s e s ,  o r  something else 
8 i 
I t  d o e s n ' t  a lways  c o r r e l a t e  w i t h  t h e  u s e  of t h e  I / 
a l o n g  t h i s  l i n e .  
I t  k i n d  of  a c t s  as a n  a la rm t o  some o f  t h e  u s e r s  
t h a t  something may be amiss. 
I 





I1 t h e  same as your  f l i g h t  program. 
Another  e x t e n s i v e  program t h a t  w e  r u n l a n d  it i s  
;i 5 I 
o n l y  r u n  i n f r e q u e n t l y ,  which I would l i k e  t o  g i v e  a  l i t t l e  
il 6 
b i t  more i n f o r m a t i o n  on ,  i s  o u r  general?:pef formance. 
11 7 
I/ T h i s  t e s t  i s  r u n  t o  d e t e r m i n e  t h e  a c t u a l  per formanc li 8 1 
i . . 
~ d ' ~ t h ' a t '  tqd ( m i g h t  be a b l e  t o  y e t  to d e t e c t  any v a r i 3 t i o n s  or i 
under  v a r i o u s  rates and t e m p e r a t u r e s .  Normally w e  t a k e  5 
ce l ls  from any g roup  t h a t  w e  se lect ,  s t a r t  o u t  w i t h  an  
env i ronmenta l  t es t  of  random v i b r a t i o n ,  s i n o s o i d a l  v i b r a t i o n ,  
mechan ica l  shock and a c c e l e r a t i o n .  A l l  o f  t h e  l e v e l s  a r e  
1 
1 c o n s i s t e n t  w i t h  t h o s e  t h a t  arc  used for f l i g h t  hardware. 1 
I 
i 
During t h e  env i ro r l~nen ta l  tests, t h e  I oad i s  a p p l i e d 1  
I 
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Fol lowing t h e  environmental t e s t ,  t h e  ce l l s  are 
t h e n  charged a t  r a t e s  - , v a r y i n g  f r o m  C o v e r  40  t o  2 (3 t o  PO0 
25 I 
I 
p e r c e n t  o f  t h e  m a n u f a c t u r e r ' s  r a t e d  c a p a c i t y .  Then they a r e  
6 .  
d i s c h a r g e d  a t  t h e  C over  2 r a t e ,  t o  z e r o  v o l t s  t o  dm=termine . 
t h e  amount o f  a c t u a l  c a p a c i t y  t h a t  was a c c e p t e d .  
A f t e r  t h i s  sequence  i s  r u n ,  t h e  r a t e  t h e n  is r e r u n  
a t  t e m p e r a t u r e s  a t  40  d e g r e e s ,  2 0 ,  z e r o  and minus 20.  
Fol lowing all o f  t h e s e  c h a r g e  r a t e  t e m p e r a t u r e s ,  w e  t h e n  
de te rmine  t h e  most  e f f i c i e n t  c h a r g e  r a t e  f o r  e a c h  temperature 
Fol lowing t h a t ,  w e  t h e n  go th rough  a s imi l a r  sequence where 
w e  c h a r g e  the cells  a t  t h e  most  e f f i c i e n t  r a t e ,  but,  t h e n  
d i s c h a r g e  a t  rates from C over 40 t o  2 C down t o  z e r o  v o l t s .  
Again c h a r a c t e r i z e  t h e  amount o f  c a p a c i t y  t h a t  t h e  ce l ls  
have accep ted .  
Fol lowing t h e  c h a r g e ,  and d i s c h a r g e  c h a r a c t e r i z a -  
t i o n ,  t h e n  w e  go i n t o  a n  o v e r c h a r g e  which a g a i n  s t a r t s  o u t  
a t  a C over 1 0  f o r  1 6  hour  c h a r g e  rate a t  -- w i t h  one  ce l l  
a t  each t e m p e r a t u r e  o f  zero, minus 2 0 ,  20  and p l u s  4 0  d e g r e e s  
C. Charging a t  C o v e r  40  u n t i l  t h e  vol t -age  s t a b i l i z e s  and 
t h e n  i n c r e a s i n g  t h e  ra te  up t o  2 C,  or  u n t i l  t h e  c e l l  v o l t a g e  
shows a d e c r e a s e  o f  -05 v o l t s ,  o r  a t e m p e r a t u r e  i . ? c r e a s e  
-- or t h e  t e m p e r a t u r e  r e a c h e s  7 7  degrees C,at w h i c ~  time 
t h e  tes t  i s  Penninatcd .  



























t h a t  t h e  charging v o l t a g e  s tar ts  o u t  a t  minus 20, s t a r t s  
charging a t  about  C over 10 ,  a t  zero  degrees  a t  about  C over  
5, and coming a l l  t h e  way up t o  4 0  degrees ,  t h e  b e s t  o r  mast  
e f f i c i e n t  charge ra te  i s  t h e  2 C r a t e .  
And a s i m i l a r  s i t u a t i o n  appears  on t h e  discharge 
r a t e s .  So t h a t  i f  you a r e  going t o  c p e r a t e  a b a t t e r y  a t  
h igh tempera tures ,  you a r e  going t o  want a h igh  r a t e  charge 
and a h i g h  r a t e  d i scha rge ,  according t o  t h e s e  t e s t s ,  
Other  programs, t h e  s e p a r a t o r  e v a l u a t i o n  program 
c o n s i s t s  of t h r e e  i n d i v i d u a l  t e s t s .  A. 2-.30-day s tant i ,  a 
c o n s t a n t  p o t e n t i a l  charge t e s t ,  a c o n s t a n t  c u r r e n t  charge 
test. 
I n  t h i s  t e s t ,  t h e  c e l l s  a r e  p l aced  on chdrge and 
d i s c h a r g e  on a 24-hour pe r iod .  We charqe them a t  a c o n s t a n t  
p o t e n t i a l ,  and d i scha rge  them 100 p e r c e n t  dep th ,  and 
con t inue  t h i s  u n t i l  t h e  c e l l s  e v e n t u a l l y  f a i l ,  i n  o r d e r  t o  
e v a l u a t e  v a r i o u s  types  of s e p a r a t o r  m a t e r i a l .  
I b e l i e v e  more w i l l  be s a i d  about  t h i s  t2morrow. 
Another program t h a t  w e  have been runnin3,  t h i s  
is  t h e  s t a r t  of t h e  f i f t h  y e a r  on i t ,  i s  a s t o r a g e  program. 
We have two groups of  c e l l s ,  one group i s  on a t r i c k l e  charae  
of C over  100 r a t e  f o r  a y e a r ,  Another group s t a n d s  on open 
c i r c u i t r y  f o r  a year .  
The r e s u l t s  on t h i s  t c z t  are a little bit -- 
I might say c o n f t ~ z i n g ,  i n  t h a t  t h c r c  i s  no r e a l  trend as t o  
2 1 a p p l i c a t i o n .  nml- l l  1 
11 I f  you have to  u s e  t h e  b a t t e r y  immedia te ly  upon 
204 
one method i s  b e t t e r  t h a n  a n o t h e r .  I t  depends on your  
41 the end of  t h e  one-year  p e r i o d ,  you b e t t e r  have it f u l l y  I 




charged ,  because  on t h e  s t a n d  t h e r e  i s  n o t h i n g  l e f t .  
But  i f  you have t i m e  t o  r e c o n d i t i o n  it, you w i l l  
come o u t  w i t h  a l i t t l e  b e t t e r  c a p a c i t y  t h a n  i f  you have  been 
9 
10 
1 1  
1 ~ 1 1  of 1 4 0  d a y s ,  and t h e n  a charge-d i scharge  p e r i o d  o f  a b o u t  4 3  I 
t h e  more u s e  it gets, t h e  c a p a c i t y  a p p e a r s  t o  d rop  o f f  a f t e r  
t h e  long t r i c k l e  c h a r g e .  
Another program w e  a r e  runn ing  i s  a sync!hronous o r -  
12 
13 
days, s t a r t i n g  w i t h  a b o u t  a two-minute d i s c h a r g e ,  j -ncreas ing  I 
I 
b i t  program, where w e  are. .sirnulacif ng : t h e  synchronocis t y p e  
o r b i t ,  t h e  e q u a t o r i a l  synchronous o r b i t  o f  a s t a n d  p e r i o d  I 
1 6 1 i  t o  72 m i n u t e s ,  and t h e n  decreasing back t o  two mint l tes ,  and / 
2011 




t h e n  g o i n g  on t o  t h e  c h a r g e  s t a n d  a g a i n .  
. Depths of d i s c h a r g e  a t  t h e  maximum t i m e  r a n g e  
from 60  t o  80 p e r c e n t  o v e r  a t e m p e r a t u r e  r a n g e  o f  minus . 
' 3  11 next month o r  so t o  have  a r e p o r t  out on some Gul tc~n  1 2  




One i n t e r e s t i n g  f a c t o r  of t h e  a u x i l i a r y  e l e c t r o d e  I 
I 
These r e s u l t s  have been r e p o r t e d  o u t  j u s t  r e c e n t l y  I 
f o r  t h e  ~ u l t o n  6 ampere hour  c e l l s ,  and w e  hope within t h e  




~ l l *  










t h e n  j u s t  s h u t  them o f f  and l e t  them s t a n d .  They m i c ~ k o p e r a t e  
b e t t e r  i f  you can  r e c o n d i t i o n  them and t hen  r i g h t  h e f o r e  you 
go back1 i n t o  your  shadow p e r i o d .  
Another  program w e  a r e  runn ing  i s  an  IMP progranl 
where w e  a c t u a l l y  s i m u l a t e  t h e  program t h a t  i s  cove:red by 
t h e  TMP b a t t e r y .  W e  a r e  nominal ly  a b o u t  30 t o  60  d,3ys beh ind  
t h e  l aunch .  W e  receive t h e  d a t a  back from t h e  b a t t e r y  i f  
it e n c o u n t e r s  d i s c h a r g e  o r  any o t h e r  c o n d i t i o n s ,  w e  try to  
s i m u l a t e  t h e s e .  The h i g h  vacuum and s o  f o r t h .  
S o  f a r  w e  have  been a b l e  t o  come up  w i t h  f a i r l y  
close c o r r e l a t a b l e  i d o r m a t i o n  t h a t  h e l p s  o c c a s i o n a l l y  t h a t  
i f  some c o n d i t i o n  i s  e x p e c t e d  t o  b e  e n c o u n t e r e d ,  we may jump 
any t r i c k l e  cha rge  a t  any ra te .  
W e  g o t  it down as low as o u r  equipment  wc)uld g o ,  
and w e  s t i l l  cont inued t o  get h i g h  v o i t a g e  and h i g h  pressure. 
'So w e  j u s t  s topped  any charg ing .  The ce l l  s t a n d  d u r i n g  t h e  
-- more o r  less t h e  s u n l i g h t  p e r i o d  on open c i r c u i t y  -- and 
t h e n  d u r i n g  t h e  shadow p e r i o d ,  w e  cha rged  them and d i s c h a r g e d  
them..They seemed t o  w o r k ' w e l l  under  t h i s  t y p e  of c ~ : i t e r i o n .  
So t h i s  might  b e  a new approach t h a t  i f  you g e t  
i 




, is  we found a t  minus 20 d e g r e e s ,  t h e  celk c o u l d  n o t  a c c e p t  I 
t h e  gun and r u n  a d i s c h a r g e  ahead o f  t i m e  t o  see hog w e l l  
t h e  s a t e l l i t e  w i l l  perform. 
e c l i p s e  o f  t h e  moon. I t  was going t o  be i n  t h e  shadow f o r  
approximately 6 hours ,  and t h e  q u e s t i o n  w a s ,  how l cng  would 
t h e  b a t t e r i e s  l a s t ?  
To t h e  b e s t  of m y  in format ion ,  t h e  r e s u l t s  w e  
ob ta ined ,  s a i d  t h a t  it would l a s t  about  5 hours  an6 15 
minutes or  so. And I think w e  were off by 15  minutes by what 
t h e  a c t u a l  s a t e l l i t e  in format ion  showed. 
I n t h e  way o f  deep space  probes ,  w e  have! been 
running two programs f o r  t h e  3 e t  Propuls ion  Lab on s i l v e r  
II z i n c  and s i l v e r  cadmium c e l l s ,  c o n s i s t i n g  of s t o r a q e  and 
cyc l ing  in te rmixed ,  ranging a t  s t o r a g e  from about  r ~ i n u s  50 
degrees  all t h e  way up t o  -- 50 degrees  C up  t o  about  40 
degrees  C. 
And t h i s  program i s  s t i l l  going.  I t  h a s n ' t  come 
to a definite conclusion as to which is the best method, or 
g i v e s  t h e  b e s t  r e s u l t s .  
Another program t h a t  w e  have s t a r t e d  i s  100 'ampere 
hour t e s t  program, t h a t  i s  j u s t  now underway. And I might 
s ay  I was p l e a s a n t l y  s u r p r i s e d  t h a t  t h e  manufac t t~ re r  had 
I/ given u s  some r e s u l t s  and s a i d  t h i s  is t y p i c a l l y  what you 
are going t o  get on t h e s e  capacity checks ,  because doggone 
it, they  were right, for a change. 
( ~ a u g h  tcr . ) ' 
The temperatures  f e l l  r i g h t  i n  w i t h  t h e  a r e a  t h a t  iI - 
b e a u t i f u l .  i 
And when you see 1 0 0  ampere hours  s i t t i n g  t h e r e  
and e x p e c t  t h a t  t h i n g  t o  blow, you donq  t want t o  b'e anywhere I 
n e a r  i t  and runn ing  it a  100 amp d i s c h a r g e ,  you stcrt 
wondering. So,  a l l  I can s a y ,  I am p l e a s a n t l y  surpx. i sed  t h a t  i 
t h e y  were r i g h t  on t h e  money t h i s  t i m e .  
Another  t h i n g  t h a t  Crane i s  i n  t h e  p r o c e s s  o f  
do ing  is p r o c u r i n g  and i n s t a l l i n g  a  new d a t a  a c q u i s i t i ' o n  
I 
sys t e m .  
T h i s  new sys tem w i l l  have some u n i q u e  c h a r a c t e r i s -  
t i c s ,  such  a s  a uni form t i m e  i n t e r v a l  f o r  t es t  conl l ro l  and 
d a t a  a c q u i s i t i o n .  A more p r e c i s e  timing s e q u e n c e , t r i l l  he  
a b l e  t o  r e c o r d  more d a t a  a t  more f r e q u e n t  i n t e r v a l : ;  when 
it is n e c e s s a r y ,  w i l l  have  more accuracy .  
And maybe t h e  b i g g e s t  p o i n t  t o  t h e  new sys tem w i l l  
be t h e  f a c t  t h a t  p e o p l e  w i l l  be  removed from most  of t h e  1 
I d a t a  r e c o r d i n g .  I t  w i l l  be done a u t o m a t i c a l l y .  The r e c o r d i n g 1  
o n  magne t i c  t a p e .  And i n  t h i s  way, hope t o  come up w i t h  more 
c o n s i s t e n t  d a t a ,  and less c o n f u s i n g  and e r r o n e o u s  clata ,  if 
there h a s  been any i n  t h e  p a s t .  
Thank you. 
(Applause. ) 
FORD: Thank you,  Don. 
Are t h e r e  any questiclas? 
> . .** ---- ,*<, --2*.,>.-&dL. >..- 4 >--, a. ..v a - ..*. - , ..- - . . - _ , I. --. 
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Y p s  , J3ob Corbett, Lockheed. 
CORBETT: I was cu r ious  Don t o  hear  wha t  you said 
about t h e  impedance t e s t .  
I wondered what t h e  c o n d i t i o n s  were? Docs t h e  
m i l l i v o l t  meter  come o u t  w i th  a f i v e - v o l t  s i g n a l ,  ox i s  it 
-- ( Inaud ib l e .  ) 
M#INs:The ins t rument  w e  u s e  i s  a  H e w l e t t  Packard 
model 4328A,  and it r e a d s  o u t  on t h e  s c a l e  i n  a c t u a l  m i l l i -  
ohms t h a t  can be e i t h e r  recorded on a  c h a r t  r e c o r d e r ,  o r  
taken and r ead  by an ope ra to r .  
Typ ica l ly  now w e  are g e t t i n g  r e s u l t s  i n  t h e  a r e a  
of t h r e e  t o  f i v e  mill iohms which i s  n o t  t o o  f a r  froir t h e  
o t h e r  methods w e  have been us ing ,  t h e  impedance methods. But 
a l l  t h e  cells seem t o  be  i n  t h i s  g e n e r a l  a r ea .  
16 
1 7 ,  
1/ t h i s  impedence measurement t o  see, i s  t h e  impedance I 
follow some o f  t h e s e  c e l l s  now wi th  t h i s  method on through 
life. 
18 . For  example, we run  a c a p a c i t y  check. Also i n c l u d e  





ieportets, lnc. i /  
2511 months now on b a t t e r y  impedance ovc r -a  wide range of  f requency,  1 
changing? But t h e  prev ious  methods, it was p r e t t y  d i f f i c u l t  
t o  s e t  up a l l  t h e  equipment r e q u i r e d  t o  run a p u l s e  t e s t  a t  
I 
t h a t  t ime.  
I 
I CORBETT: I m i g h t  mention relative to t h a t ,  
cadmium cel ls  .g& terms o f  t h e  c h a r g e  o r  d i s c h a r g e  s t a t e s ,  
a 
mn'116 1 
11 t h e  impedance i s  independen t  o f  o v e r  t h e  r a n g e  o f ,  l e t ' s  say, 
2 0 9  
and w e  f i n d  t h a t  a lmos t  e v e r y t h i n g  t h a t  you can  do i n  nickel 
11 one  t o  t e n  h e r t z .  And t h i s  - -  w e l 1 , f c j r  example, i E  you 
1/ I take t h e  ce l l  almost i n t o  reversal ,  you d o n ' t  see i ts  impedanca t ll changing o v e r  t h a t  f r equency  range .  I 
MAINS: I b e l i e v e  this ilnstrume~~t o p e r a t e s  a t  
811 around one k i l o h e r t z  p u l s e .  And a g a i n ,  w e  have  r u n  s i m i l a r  
I 
101/ 
and saw v e r y  . l i t t l e  impedance v a r i a t i o n  o v e r  t h e  whole c y c l e .  
9 
CORBETT: Y e s ,  I t h i n k  t h a t  a s  a n  acceptixnce t e s t ,  




11 CORBETT : Sure .  
it is a l m o s t  a  w o r t h l e s s  one ,  t h e  impedance tes t .  I I 
1 
M A P N ~ : W ~ ~ ~  a g a i n ,  l i k e  I s a i d ,  sometime:; t h i s  i s n ' t i  I 
14 
15 
'1711 ' I n  t h e  tests we r a n  w i t h  t h e  pul-se t e s t ,  t h e  o n l y  I 
t o  a c c e p t  o r  reject a ce l l ,  b u t  t o  l a y  a b a s e l i n e  .:hat w e  can 
l o o k  a t  &n t h e  f u t u r e .  
. . i 
" I/ compared t h e  r e s u l t s  for ce1l.s w i t h  t h e  polypropy1:ine I 
18 
1 
s e p a r a t o r .  And o f  c o u r s e  t h e r e  was a p r e t t y  s igni f : .cant  I 
i n f o r m a t i v e  v a l u e  w e  g o t  from t h e  tes t  i s  one  t h a t  w e  
i : i 3 1 1  us ing  this, w e  had one meter i n  h e r e  -- w e  had one meter a t  ! 
:! 1 
22 
d i f f e r e n c e  i n  t h e  impedance. The DC r e s i s t a n c e ,  e s s e n t i a l l y .  




i 1 Goddard for a b o u t  one  y e a r ,  and we were v e r y  i n t c r t ! s t e d  i n  1 
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r e s i s t a n c e ,  t h a t  i s  C r a t e  c h a r g e  o r  d i s c h a r g e  for  a s h o r t  
period, sauarc wavp f a s h i o n ,  t h e  f a c t  t h a t  t h a t  i s n ' t  
v e r y  d i f f e r e n t  from t h e  1 KC method, t h a t  you have  
been u s i n g ,  would i n d i c a t e  t h a t  t h e  r e a c t i v e  component 
p robab ly  i s  n e g l i g i b l e  a t  that 1 KC. 
FORD: Y e s ,  it is  t h e  c a p a c i t y  of t h e  component 
. t h a t  H e w l e t t  Packard i s  q u e s t i o n i n g ,  and w e  c a n ' t  g i v e  them 
it. 
CORBETT: Yes. I t h i n k  it i s  probab ly  n e g l i g i b l e  
a t  t h a t  f r equency .  
FORD: Y e s ,  D r .  Iauthrard. 
LEUTHARD: The cel ls  t h a t  were c a r r i e d  f o r  t h e  one- 
y e a r  p e r i o d ,  t h o s e  t h a t  were c a r r i e d  i n  t h e  d i s c h a r g e  state, 
what s t a t e  o f  d i s c h a r g e  were t h e y  t a k e n  to ,  and how many 
c y c l e s  were performed on t h e  cel ls  a f t e r  t h i s  one-year  p e r i o d ?  
MAINS: ON t h e  s t o r a g e  tests, b o t h  g roups  w e r e  
f u l l y  charged a t  t h e  beginning of each y e a r ,  and t h e n  
a l l o w e d  - - ' t h e  one g roup  stood o n  open c i r c u i t  from a f u l l y  
cha rged  s t a t e ,  and t h e  o t h e r  g roup  was f u l l y  cha rged  and 
t h e n  p l a c e d  on a C o v e r  100 c h a r g e  s t a t e .  
A t  t h e  comple t ion  o f  t h e  year , '  t h e y  f o l l o w  t h e  
e n e r a 1  o u t l i n e  o f  o u r  a c c e p t a n c e  tes t ,  where t h e y  r e c e i v e  
t h e  same t h r e e  c y c l e s  o f  c a p a c i t y  and s h o r t  t e s t  and e v e r y t h i r  
else,  r i g h t  down t h e  l ine.  
LEU'ZHAI'X):. T h a t  must  hc t h e  sax2  d a t a  I saw in a 
r e p o r t  t h a t  came o u t  of  Crane,  then?  
. - 
M A I N s : Y e s ,  t h e r e  was one o u t  l a s t  y e a r ,  I b e l i e v e .  
There  is  a n o t h e r  one due o u t ,  it i s  i n  o u r  p r i n t  shop and shou 
be  o u t  w i t h i n  a  month. 
LEUTIIARD: A l l  r i g h t ,  now. I f  I u n d e r s t a n d  c o r r e c t l y ,  
t h e  ce l ls  t h a t  w e r e  on t h e  t r i c k l e  c h a r g e ,  o r  f low c h a r g e ,  
showed a d e c r e a s e  w i t h  subsequen t  c y c l e s ,  and t h e  o n e s  that 
were  n o t  c a r r i e d  i n  t h e  t r i c k l e  c h a r g e  s t a t e ,  showed a n  
MA1Ns:Thi.s i s  c o r r e c t ,  and t h e y  have  done t h a t  
a g a i n  t h i s  y e a r .  , S i m i l a r  t r e n d .  
LEUTEIARD: W e l l ,  was t h e r e  any d a t a  o n  cells t h a t  
were d i s c h a r g e d ,  s a y ,  t o  o n e  v o l t  and c a r r i e d  f o r  a  yea r ,  and 
t h e n  A- 
M A I N S  :No, t h e s e  a r e  t h e  o n l y  two packs  t h a t  w e  
have  on t h i s  a t  t h e  p r e s e n t  t i m e .  W e  d o n ' t  have  any o t h e r s  
operating under conditions like this. 
L E U T H A R D : T ~ ~ ~ ~  you. 
GROSS : Gross, Boeing. 
W e  have  made a n a l y s e s  of t h e  Crane d a t a ,  a s  I i 
suppose  lo t s  o f  o t h e r  p e o p l e  have.  I 
One t h i n g  t h a t  you f i n d  o u t  r e a d i l y  i s  t h a t  i n  
a t t e m p t i n g  t o  t a k e  d a t a  on pack l i f e ,  and t o  u s e  t h i s  t o  I 
1 
g e t  . - s t a t i s t i c a l l y  mean ingfu l  i n f o : r n a t i o n  on b a t t e r i e s  with 
t h e  l a rger  nunher  of cells, khc~:c 6s q u i t e  cl d e f i n i t e  e r ro r  
invo lved  ' t o  do t h i s .  
. - 
The o n l y  way t h i s  can  be done i s  t o  g o  r i g h t  back 
t o  t h e  i n d i v i d u a l  ce l l  informati .on and -- so i n  o r d e r  t o  I 
aid  i n  s t a t i s t i c a l  a n a l y s e s ,  I would l i k e  t o  have i t  more I 
a l l  t h e  p r i o r  h i s t o r y  on t h e  packs .  I t  would b e  h e l p f u l  t o  11 
5 
6 
e a s i l y  a v a i l a b l e  t o  g e t  t h e  d a t a  on  t h e  cel ls .  
I n l ~ t h e  beg inn ing  o f  e a c h  a n n u a l  r e p o r t ,  you s u m a r i z  i 
l o  I1 NOW, one o f  t h e  i m p o r t a n t  c o n c l u s i o n s  on  t h e  work 
8 
9 
" ll t h a t  I have  done,  is t h a t  t h e r e  i s  a v e r y  s i g n i f i c a n t l y  i 
have  t h i s  expanded a  l i t t l e  b i t  s o  t h a t  we have t h e  i n d i v i d u a l '  
ce l l  d a t a  a s  w e l l  a s  t h e  pack d a t a .  
1211 l a r g e  Sigma on t h e  failure d i s t r i b u t i o n  of t h e  o l d e r  packs .  I 
T h i s  i s  e x t r e m e l y  i m p o r t a n t ,  i f  you a r e  t r y i n g  t o  make I 
r e l i a b i l i t y  p r e d i c t i o n s .  W e  t e n d  t o  t h i n k  i n  terms o f  t h e  
average  f a i l u r e  L i f e ,  b u t  you must  have ,  i n  a d d i t i o c  t o  
a v e r a g e  f a i l u r e  l i f e ,  you must  have good d a t a  on Sigma, t h e  
11 d i s t r i b u t i o n  of t h e  p r o b a b l e  error, i n  s p i t e  of e x t r e m e l y  
1811 
l a r g e  e x p e c t e d  l i f e t i m e s .  I f  you d o  n o t  have  a  r e a s o n a b l y  I 
1 9 /  
narrow Sigma, a l l  ' t h e  work you have done i s  t o  no a ' t ' a i l .  
2o 11 So, one o f  t h e  t h i n g s  t h a t  I would l i k e  t.o see I 
22 / /  p i n n i n g  down what Siqmal m i g h t  he f o r  a  modern d a y  c e l l .  i 
2 1 
23 11 All you need is money. 
i s  some tests,  some day,  t h a t  a r e  aimed a t  s p e c i f i c ~ . l l y  
MAINS: R i y h t  . 
I might  answer briefly on that. 
24 
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I 
o u t ,  l i k e  S i d  s a y s ,  a l l  o f  t h e  c e l l  d a t a  i n d i v i d u a l l y .  Anyone / 
i 
214 1 
who is  l o o k i n g  for r e s u l t s  o f  t h i s  t y p e ,  i f  t h e y  w i l l  
m l 2 l  , 
2 
c o n t a c t  u s  w e  w i l l  be g l ad  t o  f u r n i s h  them w i t h  thl2 d a t a .  I 1 
A l l  of t h e  da ta  t h a t  i s  g a t h e r e d  i s  ava : i l ab le .  
The volume i s  s o  l a r g e  t h a t  w e  h a v e n ' t  a t t e m p t e d  t o  report 
11 I f  t h e r e  l o o k s  l i k e  there i s  g o i n g  t o  I3e enough 
9 p r e t t y  l a r g e  r i g h t  now. i 
10 FORD: Don, would you comment on -.your ' n i c ro f  ilm 
7 
8 
M A I N S :  T h i s  i s  something t h a t  we were j u s t  now i 
i n t e r e s t ,  w e  c o u l d  t r y  t o  p u t  o u t  a volume o r  t w o  =over ing  
a l l  of t h e s e  r e s u l t s .  But  t h e  volume. looks  l i k e  i t  would be 
I 
l i f e  c y c l i n g  d a t a  t h a t  i s  on m a g n e t i c  t a p e  can  now b e  I 
13 
l /I micxof i lmed,and a t  t h e  p r e s e n t  t i m e  c o n t a i n e d  on a b o u t  s i x  
1 g e t t i n g  p r e t t y  w e l l  p e r f e c t e d ,  and t h a t  is t h a t  a l l  o f  o u r  
l 6  11 reels o f  mic ro f i lm.  
l 9  II test d a t a  t h a t  is  b e i n g  accumula ted .  I 
17 
18 
2o I1 FORD: Would you c a r e  t o  comment on t h e  c o s t  o f  
So t h a t  i f  you have t h e  c a p a b i l i t y  o f  r ev iewing  





t h o s e ?  
MAINS: It  i s  a b o u r  $ 4  a reel,  I b e l i e v e ,  i s  what 
t h e  p r e s e n t  c o s t  i s .  
I / FORD: Jerry, do you have a -- ral Rsportcrs, nc. 
25 I/ HALPERT: H a l p e r t  from Goddard. I / I 
The p o i n t  of S i d ' s  i s  w e l l  taken.  I would like t o  
' 1  add t o  t h a t .  
11 I would l i k e  t o  s e e  inc luded  i n  t h e  r e p o r t s ,  some , 
4[  of  t h e  manufac ture r ' s  d a t a ,  or a t  l e a s t  t r a c e a b i l i t y  t o  
I 
I 
I manufactur ing p l a t e  l o t s ,  p laque l o t s  and what have you, s o  1 
' 1  h a t  we can go back,  i f  w e  s e n  d a t a  a n  c e l l s  t h a t  have been i I 7 1 1  worked f o r  a whi l e ,  go back t o  t h e  o r i g i n a l  d a t a  011 t h e  
81i p l a t e s  and see how they were o r i g i n a l l y  se t  up. This  way 
' 1  w e  have g o t  complete t r a c e a b i l i t y  from t h e  beginning t o  t h e  
1°1/ end. 
I/ M A I N S :  I might s ay ,  as t h i s  d a t a  i s  beginning 
l 2  11 t o  become a v a i l a b l e  t o  u s ,  w e  a r e  t r y i n g  t o  i n c o r p o r a t e  t h i s ,  
becduse a l o t  of  people  c a l l  up  and s a y ,  i s  t h i s  t h e  same 
I So w e  a r e  working rea l  close w i t h  Godda:cd on t h i s  I 
I 
l 4  
l 5  
1 7 1 /  r i g h t  now, t o  g e t  t h i s  in format ion  f ed  t o  us s o  t h . i t  w e  
1 ce l l  t h a t  w e  are using? And a l o t  o f  t i m e s ,  I doni  t even 
1 know what 'the cell is. 
1 8  ' c a n  i n c l u d e  t h i s  w i t h  t h e  rest of t h e  d a t a .  
19 
20 
:? il manufac ture r s  would look at their data  recording tc:chniques 
FORD: I would like t o  make a comment a:Long t h a t  
l i n e ,  i n  view of t h e  f a c t  we have t h e  m a n u f a c t u r e r ' s  
2 1  
22 
r e p r e s e n t a t i v e  he re .  W e  a r e  cons ide r ing  t h e  i d e a  0:: going t o  i 
I 
I 
an IBM format ,  and t h i s  would be very h e l p f u l  if t h e  
24 
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25 I 
when he  g e t s ' h i s  package of  d a t a ,  i f  h e  so chooses ,  c a n  
r e d u c e  it t o  IBM c a r d s ,  which canbe p u t  on magne t i c  t a p e .  
And once  you have g o t  i n  a format  for IBM c a r d s ,  I t h i n k  it 
i s  p r e t t y  s t r a i g h t f o r w a r d .  I t  r e q u i r e s  some man h o u r s ,  b u t  
it would b e  up t o  e a c h  i n d i v i d u a l  u s e r  t o  f o l l o w  thrc 'ugh on I 
whether  he  wanted t h i s  o r  n o t .  
E a r l ,  I b e l i e v e  you had a comment? 
CARR: T h a t  is a b o u t  $ 2 0 , 0 0 0  w o r t h ,  j u s t  as; 
a q u i c k  r e s p o n s e  t o  your  t h i n g .  
MAINS: W e l l ,  a l o t  of times you migh t  t h i n k  it 
i s  t h a t  much, b u t  r e a l l y  you a r e  r e c o r d i n q  t h e  d a t a  on I 
something r i g h t  now -- we went i n t o  t h i s .  W e  used t o  r e c o r d  on1 
s t r a i g h t  s p r e a d  s h e e t s  and t h e n  have  t o  copy it o v e r , ,  o r  
r eassemble  it for keypunch o p e r a t o r s .  I 
CARR: Oh, I a g r e e .  I t h i n k  it would b e  r e a l  t 
cost effective, i f  w e  c o u l d  d o  t h i s .  
MAINS: W e l l ,  r i q h t  now what w e  do  i s  again r e c o r d  
o u r  d a t a  as i f  w e  were g o i n g  t o  j u s t  tape t h e  h a n d w r i t t e n  
d a t a ,  b u t  u s e  computer fo rmat  s h e e t s .  T h i s  way t h e n ,  i f  w e  
d e c i d e  t o  have  it keypunched, t h e  . individual.- . that wants  it 
keypunched can have t h i s  done. 
I t  d o e s n ' t  mean t h a t  a l l .  t h e  d a t a  h a s  t o  1)e 
r e t r a n s f e r r e d  and t h a t ,  because most o f  t h e  d a t a  s h e e t s  t h a t  I 
w e  ltad made up and I've seen o t h e r s  make up,  c a n n o t  l ~ e  I 
r ead i l y  t r a n s f e r r e d  o v e r  t o  a c:ornputer format w i t h o u t  r e a l l y  






t h e  equipment g e n e r a t e  punchcards .  T h i s  would b e  i l3eal  f o r  I  
i 
e v e r y t h i n g .  1 
CARR: W e  t h i n k  t h i s  is  t h e  way t o  g o , a ~ l d  we 
are s t r i v i n g  t o  g e t  t h e r e .  






US, because  w e  have  t h e  computer f a c i l i t i e s . a v a i l a : ~ l e  t o  1. 
I 
c a r d s ,  E a r l .  W e  are j u s t  say<-ng i.f you p u t . i t  on f ~ > r m a t ,  w e  
w i l l  t a k e  c a r e  o f  p u t t i n g  it on '  cards,  i f  w e  so choose.  
CARR: W e l l ,  r e a l l y  and t r u l y ,  and t h i s  .is o f f e r e d  
f o r  what  it i s  wor th ,  t h e  optimum sys tem f o r  u s  w o , ~ l d  b e  to ,  
d u r i n g  t h e  manufac tu r ing  c o n d i t i o n i n g  c y c l i n g ,  t o  have 
i 
t h e n  t r e a t  t h e  d a t a .  
Our problems t h a t  w e  have so far w i t h  e i t h e r  i 
o r  a c c e p t a n c e  t e s t  or o t h e r  tests,  i s  t h a t  w e  s u f f e r  from a  I 
I 
15 
-- 1 d o n ' t  want  t o  u s e  t h e  term, b u t  it i s  -- d a t a  diarrhea. I 
manufac tu r ing  c y c l i n g ,  which w e  c a l l  c o n d i t i o n i n g  c y c l i n g ,  
And it i s  a very s e r i o u s  problem, and t h i s  is  something t h a t  i 
I would l i k e  t o  s a y  one more t h i n g ,  w i t h  r e g a r d  
20 l 9  
/ w e  have been t r y i n g  t o  overcome, and I t h i n k  t h a t  t h i s  i s  a 1 I s t e p  i n  t h a t  d i r e c t i o n .  
24 
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/ and o t h e r  s t a t i s t i c a l .  i n f o r m a t i o n  from your  c y c l e  l i f e  progru;!~ 
I 
i 1 
I We have, and we hnvc --- I w i s h  I had b rough t  t h a t .  1 i 
I Reporters, In:. 
Clr 
I have g o t  t h e  curves  which w e r e  drawn from t h e  xeg:eession -- 
. . 
in o t h e r  words, we took t h e  cell  d a t a ,  and l i k e  S i d  s a i d ,  
w e  d i d n ' t  j u s t  t r e a t  t h e  f i f t h  c e l l  f a i l u r e  i n  t e n ,  we used 
t h e  i n d i v i d u a l  ce l l  f a i l u r e s  t o  p r e d i c t  Sigmas f o r  each 
of t h e  o p e r a t i n g  temperatures  and each o f - t h e  depth.;: of 
d i scha rge .  And I w i l l  show t h i s  i n  j u s t  a  minute. 
I d o n ' t  have t h e  Sigma, I d o n ' t  have t h e  
r e g r e s s i o n .  a n a l y s i s ,  b u t  i t  i s  p r e t t y  s t r a i g h t f o r w a r d  
statistical'information. And I t h i n k  it is real  good. 
So, once you have it on IBM format ,  it i.; p r e t t y  
s t r a igh t fo rward .  
And then  I have g o t  one more t h i n g ,  and t h i s  i s  i n  
t h e  terms of a q u e s t i o n  t o  Don, and t h a t  i s  : I t h i n k  we 
have heard some informat ion  s o  f a r  which . r e l a t e s  t o  
improvement o f  performance of e x i s t i n g  b a t t e r i e s ,  l i k e  d o n ' t  
trickle charge them, seems to be a general good conelusion.  
What o t h e r  conc lus ions  can you g e n e r a l l y  draw 
from your  t e s t i n g  i n  t h e  near e a r t h  o r b i t  t y p e  of a :?p l ica t ions  
I mean, we hear  l o t s  of t h i n g s ,  and t h i s  i s  one 
t h i n g  1 d e f i n i t e l y  want to d i s c u s s - i n  t h e  workshop, and 
t h a t  i s ,  how do w e  g e t  t o  longe r  c y c l e  l i f e ?  
So I know t h a t  one t h i n g  t h a t  i s  coming o u t  of 
your tests is that operate t h e m  at: lower tmperaturczs .  find 
I was wondering what  k i n d  of r e l i a b i l i t y  data do you have 
for the imornvem~nt. n F  n ~ r f n r m a n ~ ~ ?  
with  me, b u t  a s  f a r  a s  -- l i k e  you said, o p e r a t i n g  ai: lower I 
temperatures  i s  one major improvement; By lower t e r~pera tu res  i. 
t h i s  i s  around zero degrees  C. You start going down much 
below t h i s  toward minus 20, you s t a r t  running i n t o  ozher  
problems, p r e s s u r e  problems, t h a t  are d i f f i c u l t  t o  g e t  
around.. 
Another improvement is a h ighe r  rate rech2rge 
wi th  very l i t t l e  overcharge.  
Most programs in t h a t  have been calling f o r  120 
t o  1 4 0  p e r c e n t  overcharge.  WE have had r e a l  good r e s u l t s  on 
a l o t  of .tests where the overcharge has been l i m i t e d  t o  maybe 
107 -- 105 t o  107 pe rcen t  of t h e  amount of d i s cha rge .  I n  I, 
t h i s  way it seems t o  extend t h e  l i f e .  your capac i ty  remains 
q u i t e  high, and a l l  around b e t t e r  performance. 
I 
There  a r e  probably o t h e r  conc lus ions ,  but I can't 
t h i n k  of any r i g h t  o f f  t h e  t o p  of my head. 
FORD: BohlSteinhauer.  
B'PS~~NHWXWI Have you s t u d i e d  t h i s  c e l l  r e s i s t a n c e  
wi th  r e s p e c t  t o  s t a t e  of charge? And, o v e r  a l a r g e  c y c l e  
l i f e ?  
M A I N S :  We h a v e n ' t  s t u d i e d  it as f a r  as wt! would I 
like t o .  Wc just have been us inc l  t h e  i n s t r u x z n t  for less 
t han  a y e a r  now. P?e have cheeked it over a charge (iischarge i 
v a r i a t i o n .  . . 
This  w a s n Y  t r e a l l y  a good test. I t  was some old 
test we hot3 s tand ing  around there. W e  p u t  them through a 
1 c y c l e  o r  two, just t o  see i f  there a n y  major s w j . n g s .  
1 I 
Cqe have a  couple  of  programs r i g h t  now,arld I don ' t  
have t h e  most r e c e n t  r e s u l t s  as  t o  how t h e  impedance: i s  
changing w i t h  t ime.  But it was set  up s p e c i f i c a l l y  t o  
answer t h i s  q u e s t i o n ,  a s  t o  how long and how f a r  can we go, a1 
what k i n d  of changes do w e  g e t  on t h e s e ?  
STEINEIAUER: W e  .have run  some tests  on s lnal ler  
cells t h a t  a r e  ceafed ,  b u t  four ampere hour t h a t  seemed t o  
i n d i c a t e  t h a t  you h i t  a minimum ih r e s i s t a n c e  o f  about  
t h r e e - q u a r t e r s  of full charge and t h e  quarter -- and f u l l -  
charge p o i n t s  a r e  about  t h e  same. A l i t t l e  b i t  h ighe r .  
I N  o t h e r  words,, m i n i m u m  i s  20 milliohms, the 
f u l l  and q u a r t e r  s t a t e  of charges  i s  about  38 mil l iohms,  and 
then  i n  a s t a t e  of d i s cha rge  it r u n s  up t o  about  9C 
milf iohms,  b u t  I d o n ' t  know how t h a t  changes t h e  c y c l e  l i f e .  
FORD: Dunlop, and then  D r .  Maqrer. 
DUNLOP: J u s t  to fo l low up what C a r r  from Eagle 
P i c h e r  w a s  s ay ing ,  I would l i k e  t o  know what it i s  t h a t  
you see t h a t  needs t o  he done,  based on your t e s t  program? 
I am going t o  p u t  it i n  terms of synchrcineus 
a p p l i c a t i o n s .  H e  used near e a r t h  a p p l i c a t i o n .  What is  it 
b a t t e r y  t o  extend t h e  energy d e n s i t y  t o  t h e  u se ,  t o  increase 
. . 
t h e  l i f e t i m e ?  
M A I N S :  I guess  one t h i n g  t h a t  has  been hrcught  
o u t  s e v e r a l  t imes ,  and t h a t  is  more cons i s t ency  i n  t t e  
manufacturing o f  t h a t .  A more t r a c e a b l e  p roces s  s o  t h a t  we 
can go back and see e x a c t l y  what t h e  problem a r e a s  a r e .  
And one o f  them t h a t  i s  d e f i n i t e l y  known j.s t h e  
s e p a r a t o r  m a t e r i a l .  I th ink  t h a t  i s  t r u e  i n  a lmost  ~ ~ 1 1  t h e  
tests ,  and t h a t  i s  t h e  reason now why ze ro  degrees",c,r i n  
t h a t v i c i n i t y ,  we g e t  t h e  b e s t  o p e r a t i o n ,  because t h e  problems 
with  t h e  s e p a r a t o r  a r e  minimal t h e r e .  
DUNLOP: The second one i s  depth  of dischal-ge? 
MAIR3:The depth of d i scha rge .  
From o u r  synchronous tests, w e  have gone up t o  80 
p e r c e n t  and a g a i n  a t - t h e  lower tempera tures ,  t h e  o p e r a t i o n  
looks f a i r l y  good. 
DUNL.QP: When you say 80 p e r c e n t ,  80 p e r c e n t  of 
what?. 
M A I N S :  I t  is 80 p e r c e n t  a t  t h e  -- t h i s  i s  80 
pe rcen t  of  t h e  manufac ture r ' s  r a t e d  c a p a c i t y  a t  t h e  r~axirnum 
d i scha rge  t i m e .  Th is  i s  a t  t h e  72-minute pe r iod ,  and w e  charg 
and d i scha rge  a t  t h e  same r a t e s ,  s o  t h a t  t h e  f i r s t  day t h e  
a c t u a l  dep th  of d i scha rge  i s  cons iderab ly  lower, and it 
e o n t i n u a l i y  increases up t o  the 80 pe rcen t .  
FORD: Dr. Maurer? 
MAURER: I would l i k e  t o  ask  what k i n d  0:. 
. - 
r e l i a b i l i t y  you have w i t h  your  tes t  equipment  i t s e l : : ?  
HOW many f a i l u r e s  of  eouipment occurred .  ( lu r ing  
t h e  c y c l e  l i f e  o f  t h e  b a t t e r y ,  and how much d o  t h e y  c o n t r i b u t e  
to  t h e  l i f e  of t h e  b a t t e r y  i t s e l f ?  
D o . t h e y  lead t o  f a i l u r e ?  
.MAINS: On t h e  c y c l i n g  equipment  w e  have --- I 
woulda.say -- f a i r l y  good l i f e  expectancy.  W e  may, :in a  
y e a r ' s  t i m e  -- oh ,  t h e  m a j o r i t y  o f  o u r  down t i m e  i s  
. . 
c o n s i d e r e d ,  or due t o  commercial power l o s s .  Actua:L equipment 
loss i s  v e r y  minimal.  W e  have  some equipment  t h a t  has been 
runn ing  now f o r  f i v e ,  s i x ,  seven  y e a r s  w i t h  no  down t i m e  
o t h e r  t h a n  power ou tage .  
Most o f  o u r  equipment  we have enough dup:Lication 
where w e  can s l i p - a n o t h e r  component i n  w i t h i n  one  c y c l e ,  
so that we lose very little time a c t u a l l y  due t o  equipment  
m a l f u n c t i o n .  
Our b i g g e s t  problem r i g h t  now is i n  t h e  d a t a  
a c q u i s i t i o n  end of  it. But w e  c a n ' t  a lways r e c o r d  t h e  
d a t a  because  of  down times t h e r e .  
MAURER: Does t h e  m a l f u n c t i o n  c a u s e  f a i l u r e  i n  
t h e  b a t t e r y ?  For  example, go t o  a h i g h e r  v o l t a g e  t h a n  you 
i n t e n d e d  or -- 
MAINS:  E o m ~ a l l y  we have alarms t o  p r o t e c t .  u s  
e i t h e r  f o r  hig11er.vol tage or lower  v o l t a g e .  And w e  kave 
o p e r a t o r s  
checking 
a l a r m  wou 
due t o  equipment malfunct ion.  I 
t h a t  a r e  on duty  24 hours a day, s o  t h a t  t hey  a r e  
t h i s  i n t e r m i t t a n t l y ,  and are a v a i l a b l e  any time an  
I d  occur, so t h a t  very seldon~ do w e  l o s e  b a t t e r y  
Right o f f ,  I c a n ' t  t h i n k  of any t h a t  w e  have 
I 
a c t u a l l y  l o s t  due t o  equipment malfunct ion.  
MAURER: You s t a t e d  t h a t  you a r e  g e t t i n g  (3 
computerized system wi th  m a g t a p o u t p u t .  
I - j u s t  wryly comment t h a t  we have a system wi th  
300 d a t a  p a i r  p o s i t i o n s  on i t  w i t h  magtape o u t p u t ,  and 
occas iona l ly  t h e  magtape has  . times and v o l t a g e s  recorded 
as swear words. And computers being t h e  s t r a i g h t l a c e d  t h i n g s  
t hey  a r e ,  r e f u s e  t o  r ead  t h e s e .  1 .  
M A I E :  Y e s ,  t h i s  i s  a major problem. I 
Our system, a s  envis ioned  right now, w i l l  have 
approximately 2000 d a t a  i n p u t s .  We w i l l  have two magnetic 
t a p e  r eco rd ing  systems.  W e  a r e  looking f o r  a s  much r e l i a b i l . i t r  i 
and redundancy a s  p o s s i b l e  t h e r e .  If one system does no t  
record ,  o r  does n o t  acoept  t h e  d a t a  p rope r ly ,  i t  w i l l  k ick  it 
over t o  t h e  o t h e r  t a p e  r eco rd ing  dev ice .  . I f : n e i t h e r  dev ice  
w i l l  o p e r a t e ,  t hen  t h e  o p e r a t o r  knows about  it. 
We are t r y i n g  i n  every way to get around any of 
t h e s e  problems. W e  have had them o n  t h e  system w e  have r i g h t  I 
now, where we can punch paper t a p e  and t h e  computer won' t  
a ccep t  it e i t h e r .  
With magnetic t a p e ,  you c a n ' t  r e a d i l y  lcbok a t  it 
and say ,  w e l l ,  t h e r e  i s  a  bad s p o t  r i g h t  t h e r e .  Scb w e  are 
t r y i n g  t o  b u i l d  the equipment w i t h  t h i s  r e l i z h i l i t y  i n  it. I 
MAURER: That  i s  t h e  major problem you hz,ve, 
you c a n ' t  r ead  t h e  t a p e  a f t e r  it has been w r i t t e n .  There 
may be parody a r e a s ,  o r  t h i n g s  of t h i s  s o r t  t h a t  yc,u d o n ' t '  
f i n d  o u t  about  u n t i l  t h e  day t h a t  you t a k e  t h e  t a p e  o f f  and 
t r y  t o  r ead  it .  
.MAINS: ~ i g h t  now w e  a r e  looking f o r ,  prolbably, a  
system w i t h  a read  a f t e r  w r i t e  c a p a b i l i t y ,  s o  t h a t  i f  it 
d o e s n ' t  read what i t  thought it wrote ,  it w i l l  g i v e  us  an 
alarm, i f  eve ry th ing  i s  working p rope r ly .  
(Laughter.) 
FORD: Do I have any o t h e r  q u e s t i o n s  re:.ating 
t o  bhe Crane tes t  program? 
Yes, gentleman here .  
WILL: W i l l ,  General  E l e c t r i c -  
WE have observed i n  s t u d i e s  of ind iv idu i t l  cadmium 
e l e c t r o d e s ,  which w e  have k e p t  under c o n s t a n t  v o l t a g e  
cond i t i ons  r a t h e r  t han  keeping them under t r i c k l e  charge,  
t h a t  we ob ta ined  very  b e n e f i c i a l  r e s u l t s .  Namely, w e  observed 
that we could keep the electrodes f o r  months wi thot i t  any 
ill effects. And I wonder whet-her s imi l a r  r e s u l t s  have been i 
ob ta ined  from n i c k e l  cadmium b a t t e r i e s ,  where the trhole I 
b a t t e r y ,  i n  f a c t ,  could be k e p t  under a c o n s t a n t  v o l t a g e ,  
t h e  whole b a t t e r y ?  
M A I N S :  A t  Crane w e  h a v e n ' t  done any i n d i v i d u a l  
c o s t  p o t e n t i a l  s t a n d  tes ts  o f  t h i s  t y p e .  Most .of them have  
been t h e  charge-d i scharge  t y p e ,  where~c the  ce l l  i s  clycled t o  a  
p o t e n t i a l  l e v e l  f o r  a  p e r i o d  of 24  h o u r s  and t h e n  d i s c h a r g e d .  I 
A c y c l i n g  t y p e  t es t ,  r a t h e r  t h a n  a s t o r a g e  tes t  a s  we a r e  I 
. . 
runn ing  on  t h e  two packs  w e  have. 
FORD: Y e s ,  S i d ,  j u s t  one  more q u e s t i o n .  
GROSS: I j u s t  want  t o  c l a r i f y , f l D o n ,  isn't your  
C o v e r  1 0 0  t r i c k l e  o n l y  s l i g h t l y  above t h e  open c i r z u i t  
v o l t a g e ?  
MAINS :They might  be s e t t i n g  t h e r e .  I h a v e n ' t  
looked a t  t h e  data f o r  so l o n g  -- it d o e s n ' t  g i v e  u3 any 
problems. But  it i s  n o t  c o n t r o l l e d .  I t  i s  a  s t r a i g h t  C o v e r  
1 0 0  r a t e .  
GROSS: But you had concluded t h a t  t h e  C o v e r  100 
t r i c k l e  c h a r g e  was n o t  as good as t h e  open c i r c u i t ?  
That there was d e g r a d a t i o n  i n  t h e  C o v e r  -- 
MAINS: I f  I remember c o r r e c t l y ,  w e  a r e  g e t t i n g  some I 
f a i r l y  h i g h  v o l t a g e s  t h e r e .  By f a i r l y  h i g h  I mean :€or room 
t e m p e r a t u r e  t h e y  a r e  p r o b a b l y  r u n n i n g  lt52 maybe to-1,55,,  
something like t h i s .  -- I i 
GROSS:  Well, t h a t  i s  pretty h igh .  I 
MAIMS : -- after t h e  long  charge .  Now t h e s e  ire . 





t h e  cel ls  a r e  open,  and a t  t h e  end o f  each y e a r  w e  do open I 
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j u s t  o f f  t h e  t o p  of my head. 
Problems it l o o k s  l i k e  w e  are runn ing  i s t o  t h e r e  
i s  e l e c t r o l y t e  d i s t r i b u t i o n .  A f t e r  t h e  long  c h a r 3 e  p e r i o d ,  
t h e . e l e c t r o l . y t e  d o e s n ' t  s e e m  t o  he  a s  w e l l  d i s t r i b u t e d  




1 1  /I not come o u t .  I 
one cel l  from each  group and make a compara t ive  a n a l y s i s  t o  
See what t h e  v a r i a t i o n s  a r e .  
VERRIER: V E r r i e r ,  SAFT. 
12 If most of your  problems i n  down t i m e  a r e  equipment. I 
13 f a i l u r e s ,  have you e v e r  c o n s i d e r e d  emergency power u s i n g  I/ 
l4Il 
a nickel cadmium b a t t e r y ?  
l 5  11 (Laughter .  ) 
M A I N S :  X f i g u r e  w e  c o u l d n ' t  j u s t i f y  t h e  c o s t  of it. 
FORD: Bill Ryder? 
3 
RYDER: I n  answer to,  a q u e s t i o n  bp Dunlap b e f o r e  
1911 
when you were asked  what  you t h o u g h t  c o u l d  b e  done t o  improve 
o v e r a l l  l i f e  of t h e  n i c k e l  cadmium b a t t e r i e s ,  you s a i d  
2o I 
21 I t h a t  u n i f o r m i t y  of m a t e r i a l s  and methods and p r o c e s s e s  and 




al R~tportc!rs, Inc. I 
-- what i n  t h e  a c t u a l  t e s t i n g  t h a t  you have  done on i n d i v i d u a l r  
I 
SO on. 
Now this is a nice motherhood and sin statement. 
I 
cel ls  -- l e a d s  you t o  t h a t  c o n c l u s i o n ?  
. . 
I N  b a t t e r i e s ,  of  c o u r s e ,  it i s  obv ious .  I f  you 
d o n ' t  have  cel ls  r e a s o n a b l y  w e l l  g rouped,  you have  a problem. 
But i n  your  program, where does  t h i s  p o i n t  up? Where do 
you f i n d  f a i l u r e s  t h a t  you can  a s c r i b e  t o  l a c k  of c 'of i t rol  and 
so on? Where i s  your  f a i l u r e  a n a l y s i s ?  
MAINS: W e l l ,  a l o t  o f  ce l ls ,  when t h e  f a i l  ce l l  
i s  open,  i f  you f i n d  a  h o l e  a b o u t  t h e  s i z e  o f  a  q u e r t e r  i n  
a 20 ampere hour  p l a t e ,  f o r  some r e a s o n  t h i s  has  g c t t e n  
through.  If t h e s e  cel ls  a r e  hand-made, a s  most o f  t h e  
a e r o s p a c e  cells s h o u l d  be ,  o r  a t  l e a s t  are c la imed to'he, 
t h i s ' i s  k i n d  of  s u r p r i s i n g .  When you f i n d  cells t h a t  t h e  
e d g e s :  of t h e  p l a t e s  a r e  j u s t  s h e a r e d  o f f ,  t h e r e  i s  no 
c o i n i n g ,  no a t t e m p t  made t o  c o n t a i n  t h e  m a t e r i a l ,  t h e y  a r e  
ragged and rough,  t h i s  t y p e  of p r o c e s s ;  w e  have  g o t t e n  ce l l s  
where t h e  separa tor  mater ia l  was misal igned,  where the re  
would b e  a s  much a s  a q u a r t e r  i n c h  o f  t h e  p l a t e  where t h e r e  
would b e  no s e p a r a t o r  m a t e r i a l  between them. 
VERRIER: W e l l ,  t h e  f i r s t  one o f  those c o u l d  happen 
i n  s e r v i c e  and might  n o t  b e  n o t i c e a b l e , d u r i n g  manufacture .  
The o t h e r  two a r e  QC problems and shou ld  be 
c a u g h t  b e f o r e  t h e  c e l l o  are assembled and shipped.  They 
a r e  n o t  wear r o t t e d .  
I n  ather words, you a r e  r u n n i n g  r a t h e r  e s s e n t i a l l y  
w e a r L r o t  ' t e s t s .  And a3.1 f am saying t o  you,  what  i s  t h e r e  
1, 
at Rt porbrs, Inc. 
i n  t h e  d a t a  t h a t  . . you are  g e t t i n g  -- t h e  r e s u l t s  t h a t  you are 
g e t t i n g  -- t h a t  s ays ,  ' i f  .. you do c o n t r o l  t h i s  b e t t e r ,  o r  t h a t  I 
better, you w i l l  indeed improve life? 
MAINS: That  i s  c a t a s t r o p h i c ,  okay? 
VERRIER: Right .  
FORD: Okay, I t h i n k  we w i l l  proceed on t o  t h e  
nex t  speaker .  
Thank you, Don. 
I would l i k e  t o  say t h e  NASA p o r t i o n  of 1:he CRane i 
program, I- t h i n k  one of t h e  problems i s  we probably do n o t  
g e t  the feedback from i n d u s t r y  and from t h e  users, and w e  
.are c e r t a i n l y  open t o  C r i t i c i s m ,  critique and any : ;uqgestisns 
t h a t  you people  i n  s c r u t i n i z i n g  t h e  d a t a  may have t o  h e l p  
us  ... improve it. 
I ' o f f e r  t h i s  r i g h t  now. Most of  you k n ~ w  what 
ou r  t e lephone  number i s .  Most of  you are aware t h a t  you can 
g e t  t h e  data.  But t h e  one t h i n g  that I f i n d  miss ing  is t h e  I 
f ac t  t h a t  most people  d o n ' t  speak up when they feel l i k e ,  I 
t h a t  something a d d i t i o n a l  should be done than  what was done. 1 
You may hear about  it through t h e  grapevine ,  b u t  you 
c e r t a i n l y  d o n ' t  hear i t  person t o  person.  
And I ,  f o r  one,  and I t h i n k  I speak p r e t t y  w e l l  
f o r  t h e  group a t  Goddard here i n  t h i s  program, would be 
glad t o  hear  from people  t h a t  have complaints, t h a t  have 
sugges t ions ,  let's say construative criticism type. N e  have 
. - 
make them i n  t h e  f u t u r e .  But  w e  would l i k e  t o  b e n e f i t  from 
what vou found t h e  m i s t a k e s  t o  be.  
m~n136 
1 a l l  made m i s t a k e s  i n  t h e  p a s t  and w e  a r e  g o i n g  t o  c o n t i n u e  t o  I 
711 , 
t h i n k  he would l i k e  t o  d i s c u s s  on t h e  25 ,000  c y c l e  l i f e  b a t t e r k .  
4 !  
5 
6 
II We, a s  a b a t t e r y  m a n u f a c t u r e r ,  want t o  do and I 
A t  t h i s  t i m e ,  I would l i k e  t o  i n t r o d u c e  E a r l  C a r r ,  I 
Eagle p i c h e r .  I t h i n k  you have a l l  h e a r d  him a c c u p l e  o f  
times py now. H e  h a s  a f e w  comments and a few q u e s t i o n s .  I 
loll accompl ish  t h e  t h i n g s  t h a t ,  l e t ' s  s a y  i n  l o n g  l i f e  b a t t e r i e s ,  
1311 
w e  are t a l k i n g  i n  terms Of a f i v e - y e a r  b a t t e r y  i n  a near-  I 
1 1  
12 
T h i s  seems t o  be one  o f  t h e  more d i f f i c u l t  
t h a t  you need. 
W e  u s e  t h e  term 25 ,000  cyclp l i f e  u n i t .  I t h i n k  
i 
161 
r e q u i r e m e n t s  t h a t  seem t o  be i n  t h e  f u t u r e .  
I I/ a n a l y s i s  on d a t a  we have on o u r s e l v e s .  I would l i k e  t o  j u s t  I 





'1 p u t  t h e s e  on t h o  viewgraph. First of a l l  show t h i s  page 
22 I! 
We a r e  spend ing  a l o t  o f  time and a l o t  of o u r  
r e s o u r c e s  ' i n  e x p l o r i n g  what  w e  c a n  do and what t h e  p r o b l e n ~ s .  
are i n  a t t a i n i n g  t h i s  k i n d  of l i f e .  
/ I mentioned e a r l i e r  t h a t  w e  have done some 
/ here. What you all can do i s  look st the difference i n  
23 Il 
24 11 d a t a .  I hope t h i s  shows up, 
(S l ide .  ) 
I Reporter:,, Inc:. 
2 5  
The f i r s t  s h e e t ,  which i s  a t a b l e ,  and mimy o f  I I 
1 you haye s e e n  it. It i s  some d a t a  back from 1965. I t  I 
r e p r e s e n t s  t h e  f i f t h  ce l l  f a i l u r e  i n  a t e n - f a i l  g roup  a t  I i
d i f f e r e n t  l e v e l s  of d e p t h  of d i s c h a r g e  a n d  dif f e r e n - r  tempera- i 
I 
t u r e s .  
ANd a s  S i d  Gross p o i n t e d  o u t  t h i s  i s  somewhat 
q u e s t i o n a b l e  whether  you c a n  u s e  t h e  d a t a  j u s t  l i k e  i t  -- 
you know, f o r  what  purpose .  
The n e x t  c u r v e  i s  a r e g r e s s i o n  a n a l y s i s  t r e a t m e n t .  I i 
I 
I do n o t  have  t h e  p a r t i c u l a r s  on t h i s ,  b u t  I w i l l  see t h a t  / 
Floyd g e t s  some f o r  i n c l u s i o n  i n  t h e  minu tes .  i i 
T h i s  i s  a l o g  p l o t  from t h e  d a t a  o f  t h e  
i 
o t h e r  s h e e t , a n d  which a c t u a l l y  c o n s i d e r s  t h e  p a r t i c u l a r  cell 1 
f a i l u r e  number o f  t h e  f i r s t  f i v e  cel ls  o f  e a c h  t e n - c e l l  group.  
I 
Now we e x t r a p o l a t e  it up t o  something l i k e  11 ,000 
, c y c l e s  f o r  -- I t h i n k  it i s  1 0  p e r c e n t  d e p t h  of d i s c h a r g e ,  
o r  something l i k e  that. Could you raise t h a t  up a  l i t t l e  
b i t ,  Tom, I mean g e t  t h e  bot tom up? 
VOICE :: T h a t .  i s  a l l  -1 -:can g e t .  
CARR: Well, wha tever  i t  was -- T h i s  i s  l i k e  pre- 
charge .  I t h o u g h t  I u n d e r s t o o d  p r e c h a r g e  when I came here, 
b u t  I d o n ' t  know what  I u n d e r s t a n d  any more after listening [ 
i 
t o  t h i s  today .  
A n p a y ,  it shows an e x t r a p o l a t e d  p o i n t  a t  1 0  p e r c e  1 t.
3 1  Reporters, I ~ i c .  
;! 5 
depth of d i s cha rge  a t  about 1 1 , 0 0 0  cyc l e s  f o r  each of t h e  
. - 
t empera tures .  
Now, Don Mains has poin ted  o u t  t h a t  you can g e t  
better d a t a ,  o r  g e t  b e t t e r  r e s u l t s  t han  t h i s  by o p e r a t i n g  
i n  t h e  r e g i o n  o f  ze ro .  degrees  C ,  and by changing the t ype  
of charge regime t h a t  you u s e .  
So t h i s  d a t a  r e p r e s e n t s  e s s e n t i a l l y  cons1:ant 
c u r r e n t  charge and cons t an t  c u r r e n t  d i s cha rge  on t h e  average 
c u r r e n t  b a s i s  over  a 90-minute o r b i t .  
.As  I s a i d ,  I w i l l  see t h a t  t h e  d a t a  frorn t h e  
r e g r e s s i o n  g e t s  i n t o  t h e  rn'inutes f o r  t h e  meeting. I t  i s  a 
s t a t i s t i c a l  t r ea tmen t  of  t h e  d a t a ,  b u t  it shows what you c a n  
do w i t h ,  i n  t h i s  case, 75 f a i l u r e  p o i n t s t  The S i g r ~ a  variat ior  
t h a t  w e  had was approximately 350 a t  t h e  h ighe r  dep ths  of 
d i s cha rges .  W e  have it down t o  about  a 500 Sigma i 3 t  -- 
predicted a t  1 1 , 0 0 0  c y c l e s ,  which was a 1 0  p e r c e n t  depth .  
Now b a s i c a l l y ,  i n  t r y i n g  t o  g e t  t o  long-term l i f e ,  
I want t o  cons ide r  j u s t  t h e  wearout modes. I am n o t  r e a l l y  
going t o  d i s c u s s  q u a l i t y  c o n t r o l  p o i n t s .  W e  are working wi th  
a l o t  of e f f o r t  i n  t h e s e  areas. Everyone i s  spending q u i t e  
a b i t  of money t o  improve q u a l i t y  c o n t r o l ,  p roces s  c o n t r o l  
and s o  f o r t h .  
There are t h r e e  things t h a t  I can : . a t t r : i bu t e  wenr- 
o u t  i n  nick& cad,l\im:. One is s e p a r a t o r  breakdown, t h e  
second i s  cadmium p e n e t r a t i e n ,  and the t h i r d  i s  t h e  nega t ive  
1 r e a l l y  would l i k e  to t h r o i  t h i s  t h i n g  open f o r  
l 
a d i s c u s s i o n ,  a l though I want t o  say a few t h i n g s ,  i n  t h a t  I 
would l i k e  t o  know from t h e  t e s t  agenc ies  and from u s e r s  who 
have t e s t  d a t a ,  what type  of t h i n g s  can w e  expec t  a t  t h e  . 
I 
I 
c u r r e n t  s t a t e  o f  t h e  a r t ,  based on your  programs? I 
I would l i k e  t o  know -- o r  we would l i k e  t o  know I i
-- what o t h e r  work i s  being done i n  t h e  a r e a s  o f  nega t ive  
fad ing ,precharge ,  and t h e  cadmium mig ra t ion  pr5blern2 For 
example, w e  have shown i n  t h e  a n a l y s i s  on f a i l  ce1'1s, t h a t  
I 
t h e  p l a t e  accumulates l a r g e  i n a c t i v e  c r y s t a l s  t h a t  we 1 
I 
i d e n t i f i e d  a s  cadmiwn hydroxide. 
Now w e - - -  1 t h i n k  t h e r e  is some o t h e r  data 
a v a i l a b l e ,  which shows t h a t  t h e r e  m a y  be formatior~s of 
carbona tes  o r  hydroxy carbona tes .  
I W e  are wondering i f  maybe t h e  problem :.s n o t  'i-' i s  
I 
I cadmium mig ra t ion  w i t h i n  t h e  p l a t e ?  Is t h e  p l a t e  e f f e c t i v e l y  
I I 1 being  s e a l e d  by t h e  m a t e r i a l s ,  t h e  cadmium rnateritils I 
themselves a t  t h e  s u r f a c e  o f  t h e  p l a t e ?  
So t h e s e  a r e  t h e  three areas t h a t  we look 
for as wearout modes, and I would l i k e ,  mayh'e som13time 
I 
i tomorrow, i f  t h e  chairman has ti.nne, to discuss t h z s e  areas 
I 
i i n  more d e t a i l  w i th  anybody else' s p e c i f i c  r e f e r e n c e ,  
* - 
REGP.ESS 101: AXM?JSIS OF CYCLZ LLFE DATA ?ZI:X 
EAGLE-PICtlER 20 PJPERX-!lOi)R SEAVZD XIZICL-CkD:*;'it;1.1 CELLS 
E a r l  S. Carr  
Donald J.  Doan 
Cycle l i f e  da t a  i s  t y p i c a l l y  shorm according t o  Table Kmber I 
w i t h  f a i l u r e  o l  a group  usua l ly  determined a s  50% of t he  t e s t  s anp le .  
P t x e  d a t a  i s  obta ined  by review of a c t u a l  c e l l  cyc l e  f a i l u r e  number a s  
p:resented i n  T a j l e  TI. However, assessment of r e l i a b i l i t y  i s  no t  
r e a d i l y . a p p a r e c t ,  nor  is  r e l i a b i l i t y  info imat ion  a t  de2ths of  d i scharge  
o , ~ h e r  than those  t e s t e d .  
Tn i s  p r e s e n t a t i o n  i l l u s t r a t e s  t h e  use  of r e g r e s s i o n  a n a l y s i s  
a s  an a i d  t o  g a i n  a d d i t i o n a l  expected cyc le  l i f e  and r e l i a b i l i t y  i n f o r -  
mation from t h e  d a t a  f o r  c y c l e  l i f e  t e s t e d  c e l l s .  
B r i e f l y ,  t h e  procedure i s  t o  f i r s t  c o a p t e  t h e  r e g r e s s i o n  nodel  
01: equat ion  ( s e e  Draper and Smith, Applied Regression Analys is ,  Wiley) 
2nd then u s e  t h i s  model t o  p r e d i c t  (Y ( P r e d ) )  the expected i i r ' e  w i t ;  an 
' . . e s t ima ted  s t anda rd  dev ia t ion  o r  e r r o r  (S. E.  ( Y ) ) .  The c a l c u l a t i o a  of  
" r e l i a b i l i t y "  from t h e s e  q u a n t i t i e s  t o  meet a  s p e c i f i e d  v a l u e  of l i f e  i s  
not p r e s e n t l y  s a t i s f a c t o r y  except  t o  s t a t e  t h a t  t h e  r e l i a b i l i t y  w i l l  be 
a func t ion  of the "i<" v a l u e  as de f ined  as f o l f  ows : 
K = (Pred. L i f s  - Spec.  L i f e )  
Standard Deviat ion 
The l a r g e r  the 'k" va lue ,  the l a r g e r  t h e  r e l i a b i l i t y  nuiibcr. 
The a n a l y s i s  i s  presented  on t h e  fol lowing pages: 
TABLE 11 
P a r t  A 
P a r t  B 
P a r t  C 
P a r t  D 
F igure  1 
Suxnary 05 Cyc !c  L i f e  T e s t  l iesul. ts  
Eagle-Picher  RSX-20 Nickel-Cadmium C e l l s  
C y c l e  1.fnen I n d i v i d u a l  C e l l  Yailu-res Occurred 
Def in i t io i l  of  Va r i ab l e s  and S e t t i n g  Up T h e  
C o r r e l a t i o n  Xatr ix  
Determicat ion of The Regress ion  Equat ion 
TJse of  t h e  Equat ion t o  P r e d i c m o m  Values 
'Jse of  the Equat ion f o r  P r e d i c t i o n  a t  Other  Operat ing 
Parameters  
G r ~ p h i c a l  Presen ta t io i l  of  R e s u l t s  of Regress ion  
Analysis 
E);:KCE:\:T a C L E  
GROL? T ~ ; : . - ~ z ~ A T L ~ E  DZP'I'I! OF P E R I O D  CYCLES 
?x.L';C; ' c  D;<Sc!i.',!:cE 110 1% >\S COI .PT.ZTZi) 
--- -
I - 1 0  2 5 1.5 8544 
2 - 10 5 0 I.. 5 3225 
3 - 10 7 5 1.5 2075 
NOTE: Tests  c o n d u c t e d  i n d e p e n d e n t l y  by I n l a n d  T e s r i n g  Labo ra to ry ,  
Cook E l e c t r i c  Cor?pany. 
Dep th  of D i s c h a r g e  based  on 20 A-H, n o m i n a l  c a p a c i t y  
a t  2 5 " ~  is  27-28 A - 3 .  
7- 
T A R S X  - E l - Z c !  AEi Nic!ccl-Czr'mium C e l l  Fai lures  
fi  
i I CYiJLX Jr!>ZN ISJIV;~'~;,J'J,I, CELL FLILLT~ES OCCURED BY GROUPS I 
j G B O U P  J71151 1 SECOND / T i i l i D  
NUXBER "CXLL E L  [ C'ELL 
FOURTH FIFTH ! 
P'NT P, - DEFINTTIOR OF V.AR J?,RL!:S LSD S??T'SKI;C, U? OF TiX CCCXRE!,ilTIO>? :.!4'i71IX 
-- 
The following in format ion  shows s e t t i n g  up t h e  terms o f  r h ?  po ly-  
nomial t o  f i t  the da ta  of Tablc TI. The method used i s  th. l e a s t  
-. squares f i t .  
D E F I N I T I O N  OF 
X l = Z  l a  
X 2 = z  2 F  
X 3 = Z  3 5  
x 4 = 2  4 3  
X 5 = z  5 F ;  
X 6 = Z  6 q  
X 7 = z  7 p  
X 8 = Z  8 T . i  
X 9 = Z  9 k  
X l O - Y  l g  
- AVERAGES, V A R I A N C E S $  AND 5T.ANDARD D E V I A T i O i t S  N= 75 
X  AVG . 
1 VAR 11 0 0 4 9 9  STD 
2 lo1503 0 0 5 0 3 0  ' 1 0 0 7 2 5  
3 00 0 4 2 2  2 0 2 3 7 4  0 . 2 3 5 4  
4 5 0 2 5 3 4  4 0 5 6 5 6  2 0 2 9 2 3  
5 3 4 0 9 6 0 0  . 1001898 5e9h2-1  
6 2 2 3 0 1 2 2 8  1 4 0 9 3 6 6  
7 
2 3 0 4 1 3 1  . 1 4 3 3 0 7 9 2 2  
0 0 2 9 1 5  3 7 0 8 6 5 4  
8 . 0 0 0 4 3 1  0 0 1 8 7 5  0 0 2 0 7 6  
9 0 0 0 2 9 8  0 6 1 2 7 6  0 0  1 7 2 7  l o  0 0 0 1 8 6  3 6 2 1 e 9 6 0 4  6 8 7 2 0 7 8 0 0 1 1 7  Oe1365 2 6 2 1 0 4 6 5 3  
CORRELATION M A T R I X  . 
PART B - DETER?!T?:.4TIOS OI? T!IE RCGEESSIO?! EQIIATTON 
.-- - 
The r e g r e s s i o n  e q u a t i o n  i s  shown i n  two forms a s  p r e s e n t e d  Delo:~.  
T h i s  e q u a t i o n  r e p r e s e n t s  t h e  l e a s t  s q u a r e s  f i t  o f  t h e  d a t a  c f  
Table  11. The e q u a t i o n  i s  d e r i v e d  by t h e  s t e p s  p r e s e n t e d  i n  
P a r t  A. 
  he' "B ~ o e f  Is" a r e  the r e s p e c t i v e  v a r i a b l e  c o e f f i c i e n t s  and t h e  
cons tant  (Jk) cor respond  t o  t h e  fo l lowing :  
LIFE = K + XI B1 + X 2  B2 + x12 I33 ----- 
A N A L Y S I S  
CONSTANT M U L T  F DF1 DF2 R S Q R .  R E S I D U A L  2 
i3363.35744 59076 7 67 O * 6 5 j 1 0 4 7 6 9 5 ~ 3 7 b i O  = S 
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"L'.A "A - 1 3 , .  , . a ,  , ,,.< L \ ,  , , \ ,> , ' > . \ , ,  ,\,\,I.# ,, , . , I , ,  8 ,,,, 
-\- - - . - , -  - . -  - 
ession eqll3'i:i.o;; is usccl f o r  cc,nr,,-.risen t.o t I l c  d a  .n T a b l e  I:: 
& L t c !  prc! ce i s  ti.c c ; c ~ c - r ~ ~ i , i a i i o n  oL s t d .  d c v i a t i c l ~ ~ s  S. IS. 
RESIDUALS XtGD P R E D ! C T I O S S  
d i c t i o n  ('i(prc8 
DOD 
-2% ?"' . 11 
11 I t  
I1 I1 
I1 I I  
l t  
I t  
',OX 
I I 
It 1 I 
I1 I t  - 
r t I I 
I t  
I I 7,5% 
I I1 - 
I I I I  ' 
I I : 
r O ~  
'1 . ?,5% * 
I 1 ' 
'1 - I ' 
I1 I 
I1 5 0% 
It 
I! 1 '  
I I I 
I I I 
I 
11 . 1 5 %  
I I I 
1 11 - 
I 11 
5°C 2 5% 
1 I I 
I 1 I 
I I I 
1 
I ' 20% 
1 .  I1 
I I1  




I t  
I I1  
I 11 . 
I 11 
iOc 2 5% 
I1 
I 11 
I 11 . 
I 11 
I 513% 
I I I 
I 1 I 
I I1 ' 
I I I 
I 
t ' '11 5% 
I 11 
1 11 
I I I 
) O C  2 5% 
I1  
I t I 
1 I t  
I 11 
I 50% 
I I i  
I I t  
t I t  
f I1 
I 7,5% 
1 I t  
1 11 
t I I 
The r e g r e s s i o n  equat ion  i s  e s p e c i a l l y  va luab le  f o r  determining 
. r e l i a b i l i t y  i n f o r n a t i o n  a t  un te s t ed  ope ra t ing  temperatures  and 
depths of  d i scharge .  
Standard ~ k v i a t i o n  Data ( S .  E. (Y) )  a rc  obta ined  i n  a d d i t i o n  t o  
t h e  predicped cyc le  l i f e .  
. The fol lowing example provides 2 5 ' ~  cyc le  l i f e  p r e d i c t i o n  a t  depths 
of  d i scharge  of 11%, 15%, 20%, 30% and 35%. Standard dev ia t ions  
a r e  a l s o  g&vided f o r  each of  t hese  depths o f  d i scharge .  
. - 
OSS Y t 0 3 . S )  Y ( P 2 E D )  RES I DUAL S c E o ( Y )  
1 01OOOO 6 6 3 5 0 6 3 5 7  - 5 6 3 5 ~ 6 3 5 7  
2 2 3 7 , 9 4 1 5  O O Q O O O  5 7 6 3 0  7 3 2 6  - 5 7 6 3 , 7 3 2 4  2 8 7 . 9 2 2 a  
76 O o O O O U  1078506113 - 1 0 9 S 5 0 6 1 1 3  
77 5 6 2 0 7 1 8 1  0 0 0 0 0 0  9 9 3 3 ~ 4 1 4 3  - 9 9 3 3 ~ 4 1 4 0  
7 8  4 6 4 0  ? 5 7 7  OtOOOO 8 7 2 0 5 4 7 6 5  - 8 7 2 0 0 4 7 6 5  370*3>91 
A no te  of  c a u t i o n  should be expressed concerning t h e  p r e d i c t i o n ;  
i n  P a r t  D. Those f o r  30% and 35% a r e  i n t e r p o l a t i o n s  wh i l e  those? 
f o r  11 t o  20% a r e  ex t r apo la t ions .  The l a t t e r  a r e ,  o f  course ,  
l e s s  a c c u r a t e  a s  shorm by t h e  l a r g e r  s tandard  e r r o r  (S. E. (Y)), 
Also,  charge c o n t r o l  methods a r e  n o t  included i n  t h i s  
a n a l y s i s .  However, we beiieve t h a t  t h e  d a t a  a r e  conse rva t ive  a:; 
t h e r e  are techniques of charge c o n t r o l  that can extend n i c k e l -  
cadmium b a t t e r y  l i f e .  
E a r l  S. Car r  
Donald J. Doan 
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611 t h i n g  he picked o u t  as a f a i l u r e  mode was t h e  p o s i t i v e  e l e c t r o r j e .  
. FORD: Thank you, E A r l .  
. - 
Jim? 
DUNLAP: I have one comment. 
I have j u s t  r e c e n t l y  r ead  a r e p o r t  by Dl'. S c o t t ,  
I 
711 A t  l e a s t  he mentioned it. 
And I do  t h i n k  t h a t  w e  -- I ,  i n  my own z e s t i n g  -- 
/I have seen  a l o s s  i n  v o l t a g e ,  p a r t i c u l a r l y  w i t h  t h e  t r i c k l e  I I 
lo 11 charge  type  of s t o r a g e .  I am n o t  s u r e  it i s  n o t  i n  any I I 
1 1  11 t y p e  of s t o r a g e  you might a l s o  s e e  t h i s  type  of  l o s s  o f  1 
1411 
i n  terms of wearout modes o r - f a i l u r e  modes w i t h  r e s p e c t  t o  
12 
13 
,511 p o s i t i v e .  
v o l t a g e .  - And I. t h i n k  t h i s  i s  a l o s s  i n  v o l t a g e  a t  t h e  
p o s i t i v e  e l e c t r o d e ,  and 1 d i d n ' t  hea r  any comments made y e t  
I 
And I j u s t  wondered, have w e  so lved  a l l  of t h e  
t 
11 problems o f  t h e  p o s i t i v e ?  
11 CARR: I don! t k n o w ~ i m ,  whether we have o r  no t .  
The f a i l u r e s  t h a t  w e  observed on t h e  de.ta t h a t  I I j u s t  p r e sen ted ,  were f a i l u r e s  o f  t h e  n e g a t i v e  p1at.e by and I )/ l a r g e .  
I guess  r e a l l y  t h a t  i s  it. As f a r  as tre know, 
23 I t h e  c e l l s  f a i l e d  n e g a t i v e  l i m i t e d  on long term cyc l ing .  This  
24 11 i s  i n  a near-earth type  a p p l i c a t i o n .  I 
I t  may be a completely different matte]: i n  
synchronous a r b i t .  
. . 
DUNLAP : Okay. 
FORD: Bob Corbe t t?  
CQWETT: Regarding what J i m  j u s t  s a i d  about c e l l  
f a i l u r e s ,  and r e c a l l i n g  what S i d  was say ing  about  t h e  
undesirable format of t h e  c r ane  d a t a ,  I was going t o  p o i n t  
o u t  a t  t h a t  t i m e ' t h a t  t h e r e  i s  a l o t  more t h a t  i s  undes i r ab l e  
from t h e  s t a t i s t i c a l  s t andpo in t  i n  t h e  Crane t e s t ,  as 
r ega rds  t h e  c r i t e r i a 1  f o r  ce l l  f a i l u r e .  Because dependent 
upon your s p e c i f i c  system and t h e  v o l t a g e  r e g u l a t i o n  t h a t  
you r e q u i r e ,  ? f o r  example, and t h e  r a t e s  a t  which you o p e r a t e  
.your  c r i t e r i a  f o r  f a i l u r e  cou1.d be q u i t e  d i f f e r e n t .  
For  example, i n  t h e  in-house tests  t h a t  w e  have 
run,  Ihave at tempted t o  look a t  c y c l e  l i f e  from t h e  standpoini  
of how long can t h e  c e l l  s u r v i v e  a s  an  energy s t o r a g e  device?  
But if you look a t  it from t h e  s p a c e c r a f t  s t a n d p o i n t ,  I t h i n k  
from most of t h e  s p a c e c r a f t s  that you have got up the re  now, 
1.1 v o l t ,  ' fo r  example, i s  cons idered  f a i l u r e  o r  an  improper 
o p e r a t i n g  mode. O r  perhaps 1 . 0 5  v o l t s .  
I t h i n k  t h e r e  are some ar t ic les  i n  l i t e r a t u r e  
which I c a n ' t  t h i n k  o f  o f f  hand, which -- i n  which t h e r e  
i s  a c o r r e l a t i o n  made between t h e  l o s t  of  valency 3n t h e  
p o s i t i v e  e l e c t r o d e  and low vol tage  phenomena. 
~ u t  of cou r se ,  getting a l o w  v o l t a g e  on t h e  
p o s i t i v e  n e e d n ' t  be a systcr-I f a i l u r e .  I t  depends upon your 
des ign .  I 
I would l i k e  to suggest  t h a t  from t h e  t e s t i n g  
w e  have performed, it might no t  be a bad i d e a ,  and 5 guess 
TRW i s  on t o  something l i k e  t h i s  -- it might n o t  be a bad I 
i d e a  t o  h,ave a b a t t e r y  t h a t  is allowed t o  go down t o  e i g h t -  I 
t e n t h s  o f  a  v o l t  p e r  cel l  o r  something e q u i v a l e n t  t:o 
t h a t . '  Perhaps t h i s  i s  a  more optimum des ign .  
FORD: Tha t  is c e r t a i n l y  one approach t o  g e t  a 
longer l i f e .  
D r .  S c o t t ?  
SCOTT: S c o t t ,  TRW. I 
I b e l i e v e  t h a t  t h e r e  i.s becoming c l e a r ,  a g r e a t e r  1 
and g r e a t e r  d i s t i n c t i o n  between t h e  impor tan t  f a i l u r e  modes 1 
a p p l i c a b l e  t o  a s h o r t  o r b i t ,  t h a t  is  a 90-minute close e a r t h  
o r b i t ,  and t h o s e  a p p l i c a b l e  t o  a  synchronous o r b i t  where; - b y  
t h e  nature of t h e  b e a s t ,  one i s  p r e t t y  w e l l  fo rced  t o  
operate at much higher maximum depths of d i scha rge  dur ing  t h e  
cycle. 
W e  a r e  pushfng 80 p e r c e n t  dep th  o f  d i s cha rge ,  f o r  
example, i n  one program, and I am -- I b e l i e v e  t h ~ t  t h e  
e f f e c t  o f  o p e r a t i n g  a t  t h a t  l e v e l  on t h e  posit ive$.  i s  much 
d i f f e r e n t  t h a n  o p e r a t i n g  a t  25 t o  40 p e r c e n t  dep th  of discharr!  I i n  a 90-minute cyc l e .  I 
And it was p r i m a r i l y  i n  r e l a t i o n  t o  the higher  I 
dep th ,  24-hour t y p e  cycl-ing appropr ia te  t o  a syncl~ronous  orbi::/ 
I 
t h a t  w e  have observed p r i m a r i l y  f a i l u r e  of t h e  p o s i t i v e s ,  
and r e l g t i v e l y  l i t t l e  f a i l u r e  of t h e  nega t ives  under t h e  
cond i t i ons  t h a t  w e  have been using.  
And t h a t  is  why I mentioned t h a t  i n  t h a t  r e p o r t  
that J i m  r e f e r r e d  to .  H e r e  again,  1 guess it i s  relat ive t o  
t h e  ques t ion  of t a i lo rmaking  c e l l s ,  also. I t h i n k  t:hat t h a t .  
is t h e  way t h e  t h i n g  is  l i k e l y  t o  go. I b e l i e v e  t h a t  t he  
optimum d e s i g n  of cells f o r  synchronous o r b i t s  are :Likely 
t o  d ive rge  more and more from t h e  optimum des ign  fo:e a 90- 
minute c l o s e  e a r t h  o r b i t .  
-FORD: Thank !you. 
EArl, and then  would you pas s  it o v a  t o  B i l l  Ryder 
CARR: Car r  of EAgle Piche r .  
I would l i k e  t o  pass on one more d a t a  p o i n t .  We di  
some t e s t i n g  a t  100 degrees  F  where we deep depthed t h e  
W e  d i scharged  t h e  b a t t e r y  t o  one volt  or so average.  I t  is  
very d i f f i c u l t  c y c l e s  on t h e  b a t t e r y ,  j u s t  c o n t i n u e l l y  t o  
cycle t h e  b a t t e r y .  
W e  n o t i c e d  t h e  c a p a c i t y  dropped off from, l e t ' s  
say a nominal 36  ampere hours  down t o  25 to. 27 ampcrre I 
hours .  I t  dropped a lmost  l i n e a r l y  each  c y c l e ,  and it seemed I 
t o  bottom o u t  a t  about  25  t o  27 ampere hours .  I 
I 
And by us ing  t h e  c a s e  a s  a rough r e f e r e n c e ,  we 1 
I 
I de termined t h a t  it was t h e  pos i t i ve ,  so that I am :;ure t h i s  I 
, I 
is  some s u b s t a n t i a t i o n  of t h i s  type of  deep dep ths .  
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And with  regard  t o  deep.!depth, I would l i k e  t o  
. - 
2 pose a q u e s t i o n  t o  t h e  u se r s .  We arc asked many times f o r  




I1 s a t e l l i t e s  f o r  t e n  years?  . O r ,  a r e  we r e a l l y  Pookirlg f o r  deep 
a ten-year  near -ear th  o r b i t  b a t t e r y ,  o r  what can ycu do 
toward t h a t ?  
- Is t h i s  r e a l l y  a t r u e  a p p l i c a t i o n ?  
11 d e p t h s . o f  d i s cha rge  t o  i n c r e a s e  t h e  e f f e c t i v e  w a t t  hours  p e r  I 
(Laughter.  ) 
I t h i n k  t h e  answer t o  bo th  q u e s t i o n s  i s ,  yes. 
CARR: You guys want every th ing .  
FORD: I b e l i e v e  B i l l  Ryder had a quest . ion? 
II t o  t h i s  d i s c u s s i o n ,  and i f  I heard M r .  C a r r ' s  l i t t l e  i 
15 
'16 
11 p r e s e n t a t i o n  f i r s t ,  it r e a l l y  expressed i t  very much better. 
RYDER: I j u s t  want ta say  t h a t  t h e  q u e s t i o n  I 
asked b e f o r e ,  perhaps  u n f a i r l y ,  of Don Mains, i s  a;?propos 
" 
I n  o t h e r  words, w e  tend t o  l i v e  w i t h  what, i n  t h e  
Army t h e y  used t o  c a l l  SOP, Standard Opera t ing  Procedures .  
:! 0 
II Standard Operat ing Pracedure  today on any :! 1 II q u e s t i o n s  t h a t  has  t o  do w i t h  b a t t e r y  performance o r  l i f e ,  22 II i s  t i g h t e n  a l l  your  c o n t r o l s .  Weigh your  p l a t e s  t o  a g n a t ' s  ! :! 3 1 
I 
eyebrow, c o n t r o l  t h i s ,  c o n t r o l  t h a t  and c o n t r o l  t h e  o t h e r  
:! 4 
a l  Reporters, IIIC. 
i! 5 
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I am n o t  a g a i n s t  t h i s ,  and I t h i n k  t h a t  .:kese 
. - 
t h i n g s  a r e  n e c e s s a r y .  But  w e  have talked today, and B i l l  Carr 
h a s  p o i n t e d  o u t  some p o i n t s  here, t h a t  a r e n ' t  n e c e 5 s a r i l y  
r e l a t e d  t o  t h i s  a t  a l l .  
So  my q u e s t i o n  i s ,  s t i l l  i s ,  and I d o n ' t  exp.ect 
t o  have  a  p a t  answer t o  it. What d o e s  t h e  Crane d a t a  -- 
' C r a n e  h a s  done t h e  g r e a t e s t  amotint o f  t e s t i n g  on these 
c e l l s  -- what does  t h i s  r e a l l y  p o i n t  up ,  i f  you a n a l y z e  it, i n  
t h e  way of o v e r a l l  improvements ar changes  that c o u l d  o r  
s h o u l d  b e  made i n  n i c k e l  cadmium c e l l s ?  ' 
Thank you. 
FORD: I would l i k e  t o  t a k e  a  s t a b  a t  t h a t ,  B i l l ,  
i n  a c o u p l e  o f  a r e a s .  
One, I t h i n k  w e  have  p r e t t y  w e l l  g o t t e n  most  of t hc  
problems r e s o l v e d .  Maybe f o r  t h e  f i v e - y e a r .  I am n o t  s u r e  
t h e r e  i s  a t e n - y e a r  seal a v a i l a b l e  y e t .  
I t h i n k  i n  t h e  a r e a s  of t h e  s e a l s ,  some of t h e  
- 
d e f i c i e n c i e s  have been p o i n t e d  o u t  p r e v i o u s l y  and a r e  now 
-- most of them have  been c o r r e c t e d .  
I t h i n k  one  o f  t h e  t h i n g s  t h a t  disturbs m e  most  
when I r e a d  some o f  t h e  r e p o r t s  coming o u t  now, t h a t  poly- 
p r o p y l e n e  s e p a r a t o r  i s  g o i n g  t o  be t h e  s o l u t i o n  t o  a l l  o u r  
problems.  
And I d o n ' t  t h i n k  i.t is. P a r t i c u l a r l y  orhen you 
t a l k  about dc~j .yn i i lg  r i g l i t  i m w ,  YOU arc both iumi l i . a r  w i t h  
46 1 
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t h e  requirements  of  t h e  space s t a t i o n  b a t t e r i e s ,  zer '3  t o  
20 degrees  C. Polypropylene I d o n ' t  t h i n k  i s  going to 
s o l v e  t h e  problem. The c e l l s  a r e  going t o  s t a r t  f a i l i n g  
because of cadmium migra t ion  be fo re  t h e  s e p a r a t o r  d e t e r i o r a t e s  
The s e p a r a t o r  i s  t h e  one a r e a  r i g h t  now i s , t h e  
major weakness i n  o u r  system that w e  a r e  working wi th .  
Are t h e r e  any o t h e r  ques t ions?  
WILL: W i l l ,  General  E l e c t r i c .  
I would l i k e  t o  make a f e w  remarks i n  r ega rd  t o  
t he  q u e s t i o n s  r a i s e d  by D r .  CArr  from ~ a g l e - p i c h e r ,  which 
refer t o  cadmium migra t ion ,  and t h e  format ion of  cadmium 
hydroxide c r y s t a l s .  
W e  r e c e n t l y  completed a s tudy  under t h e  sponsorsh ip  
of NASA Research Center  i n  Cleveland,  which was done under 
cond i t i ons  of oxygen freedom and carbona te  freedom. I n  fact, 
s imu la t ing  a31: t h e  c o n d i t i o n s  i n  a cadmium battery p l a t e ,  
we were a b l e  t o  look a t  t h e  phenomena o c c u r r i n g  i n  t h i s  
s imula ted  b a t t e r y  p l a t e  under t h e  microscope. And w e  d i d  
observe t h a t  cond i t i ons  of h igh  r a t e  charge favored t h e  
format ion of s m a l l  cadmium hydroxide c r y s t a l s ,  ,while condi t ion  
under low r a t e  d i s c h a r g e  -- d i d  I say charge  b e f o r e  -- I 
meant t o  c o r r e c t  t h a t  t o  d i s c h a r g e  -- high r a t e  d i scha rge  
favored t h e  format ion  o f  s m a l l  c r y s t a l s  of cadmium hydroxide.  
Low rate discl larges  favored t l . ~  Eo:rmation of very l a r g e  
c r y s t a l s  o f  cadmium hydroxide,  which t h e n  are obvious ly  very 
d i f f i c u l t  to recharqe. 
However, if one now charges and allows s u f f i c i e n t  
time for the charging, t h en  t h e  cailruiwn hydroxide does 
dissolve, and subsequen t ly  forms dissolved species w i t h o u t  
cadmium ion, ~ d ( 0 4 ) ~  or, cd.(OE)z minus,. .,-. , , whic l~  are 
then electrodeposited in f ac t ,  on t h i s  cadmium plate, and on 
subsequent discharge, this becomes again  ava i l ab le  i n  the' 
discharge capacity. 
So I believe that some of t he  ques t ions  which 
are being raised w i t h  regard to sone of t h e  phenomena 
o c c u r r i n g  in cadmiumht t e ry  p la tes ,  we were able tcl unders tand 
bk; these s t u d i e s  on simulated plate under  the rnicl:oscope. 
FORD: Has t h i s  been reported in t h e  film1 reporkg 
* 9 
or are you still -- 
WILL: The f i n a l  report i s  being completed and will 
bel.submitted to NASA s h o r t l y ,  probably st i l l  w i t h i n  the month 
of December. 
FORD: Other q u e s t i o n s ?  
We really have one more speaker scheduled. to t a l k  
on accelerated t e s t i n g .  Seeing t h a t  it is such E. l a t e  hour, 
I t h i n k  we should  try to hold that and probbably pick it up 
and work it sonstimz tomorrow. 
J e r r y ,  is this acceptable. T . t h i n k  6 olcl_ock 
is a reasonable time to ask an:yhody to stay here. 
So, if there a r c  no f u r t k k c r  c i u c a t ; i o n ~ ~ ,  we will 
